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Abstract

! -

7 This report identifies technologies that may be usefui in removing or stabilizing
radioiegical contarmination at those uncontrolled hazardous waste (Superfund) sites that
gontain radinsnuclides, The radinactive materiale 3t soma Superfund sites consist
primanty of wasto fromnm...q:anium. and thorium procassing. Twenty existing
Superfund sites are known o contam.radionuclides, along with seventy-one sites
managed by the Depanment of Energy.-This report addresses remediation of
contaminated scils; it does not address remediation of contaminated buidings or
ground water. This report is not intended to provide any legal or policy basis for the

sejection or usd of techinglogy for cleanup of 8 hazardous wasts site.~

Sites contaminated with radionuclides pose a unique problem becauss, uniike organic
wastes, radionuclides cannot be destroyed by physical or chamical means; they can
only decay through their natural process. Thus, alteration or remediation of tha
radicactive decay processas, thereby changing the fundamental hazard, is not possible.

. Saveral tachngiogiss have potential for eliminating or stabilizing radionuclides at
radgiologically contaminated sites. These include both on-site and off-site disposal,
on-gite treatmant, radon control, chemical extraction, physical separation, and
combined physical separation and chemical extraction technoiogies. Applicability of
these technolcgies is controlied by site-specific facters, so thewr suitability must be
determined on a site-by-site basis. « -

issues of significant concemn in attempting to apply remedial techniques inciude
disposal siting, handling of concantrated residuals, public reaction, and cost.

Many of the technologies have not been satisfactorily demonstrated. There is a need
lor additional assessment studies. Significant research and development activities,
including bench-scale and pilot-scale studies, would be necessary prior to full-scale
mobilization for site cieanups. Thase technoiogies shouid be avaiuated for
implementation as they may have the potential for signiicantly improving cleanup
afforts.
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Executive Summary

Introduction

This document identifies potential technologies that
possibly can be applied in the control and remediation
of radicactive contarnination at Superfund sites, This
report provides 3 discussion of the technologies: 1
does not give a detailed critical evaiuation of them.
The repon does not include in-depth anaiyses that
would be needsd to determine the applicability of any
of thesae technoiogies at a particular site,

The raport oniy addresses treatment and disposai of
radiologically cortaminated soils, and radon control. it
does not audress, for example, remediation of
radiologically contaminated buildings. The report also
does not addrass treatment of radiologicaily
coniaminaied ground water, which is of concsm at

some Superfund sites.

The radicactive materials at many Superfund sites are
by-products of uranium, thorium, and radium
processing in the form of talings, contaminated
buildings and equipment, and stream sadiments.

The primary public health threats from the radioactive
matenals are through inhalation of radon and radon
progeny, extamal whole body exposure to gamma
radiation, and ingastion of radionuclides through food
and water, Radon and radon progeany are
continunusly produced through the decay and
decompositton of uranium, thonum, and radium,
These hazards will persist throughout the antire
decay tme if no remedial action is taken. These
hazarde could includa the increased risk of cancers in
the exposed whole body ang may also increase the
risk of genetic damage that may continue o0 Cause
inhertable defects in future generations.

It should be ncted that the radioactive contaminants

g - o e - - na
are not altered Grf desiroysd by (rsatment

technoicgies. The veolume of contaminated material
may be reduced, but the concantration of the
contaminants wilt be much higher in the reduced
voluma. Some type of comtainment andfor burial is
the only uitimate remecy for materials contarmninated
at leveis above those cansidered saie for exposure.

Table A on the following page shows the state of the
art of the vanous disposal. on-site treatment, radon

control, chamical extraction, physical separation, and
combined physicai separation and chernical extraction
technalogies what arg discussed in this repart. Since
none of the chamical extraction and physical
saparation technologies has been used in a site
remediation situation, their appiication musi be
approached cautiousily.

Significant research and development activities would
be necessary prior to full-scale motiiization for site
cleanup. The same holds true for sclidification or
stabilization procasses, Only excavation and land
ancapsulation have been used o remediate
radiclogically contaminated sites; ocean disposal has
bean used for disposal of low levei radioactive
wastes.

Remaedlation Sites

Twenty sites that comtain man-mada radioactive
wastes are on or are proposad for inciusion on the
National Priorities List (NPL). Thesa Superfund sites
are described briefly v Appendix B of ihis documant,
{information provided is accurate as of December
1987.) The sites contain tailings piles and
redistributed taiings, solid waste landfilis, hazardous
wasto landfills, fabrication plants and laboratories, and
contaminated ground water. Remedial investigation
and feasipiiity studies (RUFS) have been compieted
on aght sites and are underway on seven sites.
Remediation at none of these sitas has been
completed. However, the Department of Energy
(DOE) has complaeted remedial actions at vicinity
propartias associated with DOE NPL sites.

The DOE cleanup projects, which also are described
in Appendix B, mainty stemn from DOE's inhented
rasponsibilities in the area of nuclear materials
production. DOE has four major cleanup projects:

(1) Formerly Utilized Sites Remadial Action
Project (FUSRAP) - 29 sites:

{2) Uranium Mill Talings Remedial Action Project
(UMTRAP} - 24 sites;

{3) Grand Junction Remedial Action Project
{GJRAP - 1 site; and

(4) Surplus Facilities Management Program
(SFMP} - 17 sites.
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Cument DOE projects aiso invoive the cieanup of
thousands of vicmity properties, about 4000 in
GJRAP alona. The Grand Junction Hemedial Action
Project has excavated and moved contaminated
matenial to an intenm storage gie from approximately
700 vicinity sites and is currently evaluating
alternatives for remediation of the interim storage site.
To date, seven stes admmistrated by DOE under the
FUSRAP project have been remediated. Thres of the
FUSRAP sites are also on the NPL, Tha SFMP

includes over 30 currently active orojects. Two of the
SFMP sitas ara on tha NPL

In addition, DOE’s Office of Defense Programs (COP)
has a program similar to SFMP for its sites. COP
conducts selected remedial decontaminanon activities
as raquired at taciiiies under their jurisdiction.

in most remadial actinns conducted to date, the
radioactively contaminatad material has been
excavated and contained in aeithar permanent or
temperary above-ground containment facilities.
These facilities have been designad to include
perimetar air monitoring, surface water runoff
collection and containment features, and ground
water monitoring devices.

All methods used to accomplish ‘amedial action on a
site contaminated with radionuclidas will resuit in
waste materials that require dispcsal or storage. The
final dispcsal of these waste materials is the single
largest problem in remedial acton.

Some of the Superfund sites contain vanous types of
hazardous wastes, and the radioactive portion may
pose a relatively minor problem. The presence of
other hatardous materials may complicate
ramediaticn of the radicactive portion of the waste
and vice-versa.

Sastion 121 of CERCLA mandatas that ramadias
must be protective, utilize a permanent solution and
aiternative treatment technologies or resource
racovery options to the maximum aextent pracncable,
and be cost effective. in addition, cleanup standards
for remedial actons must meet any applicable or

igvant and appropnate requirements (ARARs).

Standards deveioped under Section 275 of the
Atomic Energy Act and Section 206 of the Uranium
Mill Tailings Radiation Control Act (UMTRCA] of 1976
may ba applicable or reievamt and approprigte on a
site-specific basis ™ the cieanup of radiciogicaiiy
contaminated Supertund sites. The EPA promuigated
40 CFR 192, ilaalth and Environmental Protection
Standards for Uranivm Mill Tailings in January 1963
under authority of these Acts. The pertinent standards
are contained in 40 CFR 192.12, 192,32, and 192.4l,
and deal with the acceptable levels of radicactivity in
residual materials and radiation emission lavels from
them, and with disposal requirements. The disposal

requirements include & design lfs of &t least 200
years, and prefarably 1,000 years where the latter is
raasonably achievable. However, standards are
applicabie to uranium mill taiings only. Relevance and
appropriateness must be determined according to

specific sita conditions.

Dispesal

Dispasal can be in one of wo categories: on-site
dispcsal or off-site disposal. Applicability of these
methods o Superfund sites is controlled by site-
specific factors: theretore, their usefulness must be
determmed on a site-Dy-site basis.

On-Site Disposal

Two meihods are availabie for on-site disposal.

Thesa may be applied in situ. They are:
- Capping
- Vertical barriers

Capping is simply coverng the contaminated sita with
a thick layer of low-permeability scil. The dasign
wouid he chosen to: (1} attenuate the gamma
radiatinn associated with all the radionuclidas present,
(2) protect the ground water and 3} provide
reasonabie assurance thai reiease of radon from
rasidual radicactive material to the atmosphere wil
not exceed accaptable limits, Capping has the
advantages of relatively low cost, ease of appiication,
and having been used for remadiating radiclogically
contaminatad sites.

Capping has certain drawbacks. it doas not aliminate

the source of radioactivity; this limis further use of

the site. The cap must be maintained as long as the
contaminant qxists at the site. A cap must not be

penetrated for construction or installation of structures

and utility hardware. Thersfore, existing structures

must be removed bafore capping. Also, horizontal

-igration of the radionuciides in ground water could

still occur.

Vartical subeurface barriers (barrier walls) could serve
as bamers to horizontai migration of radionuciidaes,
but perhaps more important, as barrers to the
horizontal moevement of ground water that may be
contaminated with radionuctides. Vertical bamiers are
rolatively simple to install. They perhaps could serve

mm s  ambmlamams  ies s i e 4
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Disadvantages include the difficuity of abtaining truly
low permeability and the possibility of material
incompatibility with waste c¢hemicais. Before
atternpting tha instailation of a bamier wall, detailed
data are required on the physical and chemical
characteristics of the soi.




Off-Site Disposai

Oft-site disposal can be considered for either
temporary storage or permanent disposal. The
purposa would he (o limit the exposure of paople and
the environment to the ragionuclide. This method can
be applied to both untreatad matsrialgs and materials
that have been modified through a volume reduction
procass. The waste materizis could be treated before
disposal 1o reduce their volume or to stabilize them
so that they may be transported more easily. Four
off-site disposal methods are bnefly dascnbad in this
report

- Land encapsuiation

- Land spreading

«  Underground mine disposal

+  Qcean disposal

Land encapsuiation, either permanent or temporary,
has besn the disposal method most used so far for
low-lavel radioactive waste matariais. Land
encapsulation on site can afso occur, but this may not
be appiicable in all situations. it ¢can be as simple as
excavating the contaminated matenal and, without
further treatment, hauling it to a secure site designed
for land encapsulaton. The comtainment struciura
technology has been usad to remediate radictogically
contaminated sites, This technology was onginally
developed for the disposal of hazardous wastes.

Joint NRC-EPA Design Guidelines and Combined
NRC-ERA Siting Guidelines for Disposal of
Commercial Mixed Low-Lavel Radioactive and
Hazardous Waste provide guidance on land
encapsulation siting and design whera chemical

contamimation g aien a aeohlam (gas Aanandie A
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Selecting a sita for a new facility or finding an axisting
site that wil accept the waste can be very difficult. in
addition, the protlems of handling and transgparting
the wasta must be considersd. if the radioactive
POrGn 1S TSt conceniraied, as in chemical exachon
and physical separation, additional disposal issues
could resuit dus o higher leveis of radicactivity in the
concantrated waste. Advantages of land
ancapsulation include the relative maturity of the
technology, the compiete removal of the wasts from
the affected site, and the relative simplicity of the
preraquisite information neads.

Land spreading is a technoiogy that has been
conswderad for radiclogicailly contaminated wastas.
This tecnhnology involves excavation of the
contaminated material, transporting it 0 a suitable
sita, and spreading it on unused land, assuring that
radioactivity leveis approach the natural backgrourvd
level of these matenais when the operation is

compieted.

Land spreading might ba more appropriate for dry,
granutar talings and soils. It would likely be

xXiv

inappropriate for materials contaminated with both

radinactiva and nonradicactive hazardouszs wagto
catlive wasias.

Another sirmiar mathod is blending with clean sail
prior to land spreacing.

Underground mine disposal could provide secure and
remate containment. Disposal in undarground mines,
eiifiar new or exisiing, couid De cosiiy. The
radictogically contaminated waste couid be excavated
and transported without treatment to the mine site.
Alternatively, it could be pretreated for volume
raduction or solidified to facilitate transport and
placament.

There would be a tradeoff between costs for
treatment or solidification and costs for transportation
and placament. Transportation costs and associated
nsks need to be researched further. Movement of
radionuclidas into ground water must be cansidered
and preventad.

QOcean disposal could be an alterfative to land-
based disposal options. This aiternative shouid only
be evaluated for iow level mill tailing wastas and not

cunsidarad for anhanced radicactive matarials or

THARACER 1
cencantrated rasiduals.

On-Sita Treatment

Two methods are availatle for treating radiclogically
contamingied wasies so thai the radioaciive

contaminants may be immohilized. These are:

- Stabilizaton or solidification
- Vitnfication

Stabilization or solidificatian immobilizes radionuciides
(and could reduce radon emanation) By trapping them
in an impervious matnx. The solidification agent.-
for exampie, Portland cement, silica grout, or
chemical grout--can be injected diractly into the
waste mass or the waste can be excavated. mixed.
and replaced. it offers the opportunity to leave the
waste materials on site in an immagbiiized state. it may
be used as additional security for a waste mass that
wil be capped. The presencs of other hazardous
chemicais could interfars with somea solidification
procasass_ Although the radionuclidas are not
remaved in this procass, their mobility and spread in
the environment are restrained.

Vitrification is another procass that can immobilize
radioactive comammants by Irapplng them in an
IMpSTVROUS matnk. The 0 Silu process meits ihe
wasts materials between two or more electrodes,
using large amounts of electricity while doing so. The
meite:] materiat then cools to 3 glassy mass in which
the radionuctideas ars trapped.

Volatifization of waste substances must be contended
with; some of the volatiies may be vaporized



radionuctides. Excavation and vitrification in a plant
designed for the purpose can be done using an
electric fumace or 3 rotary kin, but dealing with the
resulting solids may pose additionat prooiems.
Vitrification is very enorgy-intensive,

Radon Control Without Source
Aemeadiation

As an interim measure, it may be possible to
remediate on-site properties through radon removal
tachniquas. In theory, these may include the

folicwing:

- Radon reduction in hormes
- Elactrostatic precipitators
- Areal soil gas venting and areal remaval

Radon and its decay progeny do not pose a
significant heaith hazard in an open outdoor
anvironment. Howsever, they can accumulate o
harmful concentrations in confined spaces. such as
residencas whera there is an underiying radionuclide
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Diract radon reduction in homes can be accompiished
n a variety of ways. Techniques include sealing entry
cracks and holes, forced ventilation of sci and
building materials in and adiacent o the foundaton,
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and passive and lorced venulation of indoor airspacs.

The techniques, properly appiied, are effective. These
control systems must be maintained as long as the
radicauclide source is presant. Tha particular
tachniques 10 be applied to a specific situation
depend upon the structural charactenstics of the
buiiding and the nature of the underiying soi.

Electrostatic precipitators may reduca the number of
the particles in a room including particies to which
radon progeny are attached. The heaith effects of this
are not known,

Areal soil gas venting may be applicable to reduction
of radon emanation over 2 waste site. The technalogy
has been used tc remove methane from landfills and
Qrganic vapors from soil. The effectiveness will
dapend in part on the soil charactaristics. Areal

removal sysloms would require long-term
maintenancs.

Chemicail Extraction of Radionuciides
from Carntaminated Soil

The objective of this separation technoiogy is to
concentrate the radioactive cormaminants by chemical
extraction, with the aim af thereby reducing the
volurne of waste for dispcsal. The chemical extraction

uitmately two fractions. One
fraction containg the concentrated radioactive
comaminants and may require disposal: the remaining
matorial is anaiyzed for residual contarmnaton and

evajuatad for replacement at the point of ongin or at
suitabla allarnative sites. The various applicable
chemical extraction lechrigues include axtraction
with:

water

minaral acids
compilexing reagents

LI I ]

Except for the use of inorganic chiorides to remave
radlurn from liquid effluents at uranium mines, nome of

the chemical extraction technoicgias has bsen fisld

demonstrated (o remove radionuclides from waste
material at a site. Bench-scale and piiat-scaie
testing wouid be needed to detarmine whether
chemical extraction can be used for sita remediation.

Water can be used f0 extraci a oortion of ihe
radionuclide contaminants. Contaminated soif or
tailings could be mixed with large quantities of water.
The water, with the sciuble radionuciide fraction,
couid ba removed from soiids by physical separation.
Since many of the soii-cleaning !schniques use
water as part of their process, this method could be

used as pretreatment.

A review of he literature indicates a broad range of
resuits with the use of sait soiutions to ramove radium
and thonum from mill tailings and soils. In many
cases the effectivensss of a given sait appears to be
related to several obvious variables, such as the
nature of the tailings (geqchemistry, particle size
distribution, and chemical composition); the nature of
tha soil; the concsntranon of the sait solution; pH;

sohid-to-liquid ratio; process tme; temperaturs; and

mathod of axtraction.

Minaral acid axtraction techniques are being
developed and have been used to extract radium,
thorium, and uranium from mineral ores.

" improvemenis in ihese acid exiraciion processes

have been found to be possible in the laboratory and
at uranium mils. The results show that the acid
axtraction processes ¢an remaove most of the retals,
both radicactive and nonradicactive, and therefore
may deserve further study for clieanup of
radiclogically contaminated site- and tailings.
However, different procasses may be needad far
diftarent radionuctides.

Extraction with complexing agents cdiffors from acid
extraction in that complexing agents like EDTA
(ethylenediaminetetraacetic acid) are used instead of
mineval acids. Radium forms stable complexas with
many orcanic ligands (a molecule that can bind to a
metal it to form a compiex) while thorium is not
likaly to be removed by compiexation. Laboratory

nvsnnmnntﬂ ghow that radium forme stahia

complexes with EDTA, suggesting the potential for



The above sxtraction processes produca a pregnant
liquor containing the radionuciides. ln treatng this
hquor th] concanu'ato and coilect the radionuclides for
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precipitation and coprecipitation
- solvent extraction
- ion exchange

By addition of chemicals, the radionuclides can ba
precipiated out from leach liquor. The siurry from the
precipitation tank is dewatered in thickeners: this is
followed by filtration. The filter cake contaming the
radionuclide [raction is then ready for disposail.
Prucipitation is a difficuit, cumbersome operaton
requirng compiex chemical separation. Closa control
of operating conditions is required.

Soivent extraction can be an afficient method tfor
separating the ragionuclides. In solvent axtraction, the
dissoived radionuclida fraction is transfamrad from the
foed soltion into the organic scivent phasa. The
loaded organic solvent is stripped of tha radionuclides
by an aqueous reagent. The barren organic soivent is
recycied back to the extraction steo. The radgicnuclide
is pracutated out from the aquoous liquor. Solvent
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than ion exchange.

lon exchange invoives the exchange of ions between
the sociution and a solid resin. lon exchanga does not
extract matenal from the sod directly. Rather, i
separates the consttuents in a soiution, such as
might resuit from chemical extraction. It has been
used extensively in urartum and ragium extraction
fromn ore. Thare are three types of exchange: fixed
ted. meving bed, and resin-in-puip. Any of these
are theoretically applicatie to radicnuciides in liquids
as a technique o complete the chemical extraction
technology.

Bacause of ihe need for 3 combination of extraction
meathods to remove uranum, thonum, and radium, the
chemical axtrachon technologies apoear to be quite
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axpensive and compiax.

Physical Separation of Radloactive Sail
Fractions

The radicactive contaminanis w SoNs ard @engs in
mmyasaemassocmodmmem«hacnons.
This is true for uranium mill talings and radium
procassing residue. Thus, size separstion may be
sedmmmamducadvobmaotmmod
matatial for disposal, leaving "cleaner” fractiens.
These fractions must be disposad as well. Physicai
separation may be used with chemical axtrachon 1
produce fractons of smaller volume with even more

cancantrated cantaminant. The physical saparation
technologies may be suitable !or removing
radionuciides that originally have been deposied as
solid particuiates on the soi,

Four physical separation technologias may be

applicabls to the separation of radigzctiva wasta

components of soils and tailings:

Screening - both dry and wat
Classification

Flotanon

Gravity Canceniration

[ T )

These processas are already extensively usad in the
extraction of uranium from ore. Thay have not been
usad in tha field to furthar extract cther radionuclides
from tailings or scils. Filot plant tasting would be
needed to determine the ability of phys:cal separation
technaiogy to clean radiciogically contaminated sails.

Screening separates soit {or soil-like material) on the
basis of size. It is narmaily applied only to particles
greatar than 250 microns in size. Tha procass can be
dene dry or by washing water through the screen.
Screening is not etficient with damp materials, which
quickly blind the screen.

Screening can be aoplied to a variety of matenais,

and it i= '312'."49? simola and me!penmun i mery 27"

particularty effective as a first operation 10 remmove the
largest particles, followed by othsr methads.
Scraening i3 a noisy operation, and dry screening
requiras dust control. Finer screens clog easily.
Information needs include size distnibution and
moisiure conient of the feed siream, and throughput
requirad for the equipmeant.

Classification separates particlas according to their
sattling rate in a flud. Several hydraulic, mechanical,
and nonmachanical configurations are avaiable.
Generally, heavier and coarser particies go o the
bottom. ang lighter, smaller particies (somatimes
called slimes) are removed from the top.
Thecretically, classifiers could be used to sueparate
the smailer particia fractions, which may contain
much of the radiocactive contamination in waste sites.
Classifiers couid be used with chemical extraction in a
volume reduction process. Clagsification is a relatvely
low-cost, reliable operation. Soiis hgh in clay and
sands high in hurnus, howsver, are difficuit 1o process
this way. !nformation required for selecting
mageifiration includae size distribution, spacific
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gravity, and other physical charactenstiza of the soil.

Flotation is a liquid-froth ssparation procass often
applied to separate specific minerals (particularly
suifides) from ores. T‘he pmcess depends more on

s ol s e ol

physical and chemical alifachion phenomena Detweon

the cre and the frothing agents, and on particie size,



than on materiai density. if particies can be coilected
by the frotr, Aotation is very effective.

Ordinarily, flotation is applied to fine matenals; the
process often is preceded by grinding to reduce
particie size. Process effectiveness has been
demonstrated in extracting ragiwn from uranium miil
tailings (Raicevic, CIM Bullatin, August 1370).
Cetailod waste characterization is a prarequisite for
application of the flotation process: mineralogy,
chemistry, specific gravity, and particle size are all
impartant.

Gravity separation is usad in the uranium and radium
ore processing industries. This process takes
advantage of the diftarence in materiai densities to
separate the matenals into layers of densa and light
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density, shape, and weight. Shaking {e.g.. a shaking
table) and a variety of other motions are employed to
keep the particies apart and in motion; this is an
integral part of the procass. Gravity separation can be
used in conjunction with chemical axtraction. Cne
drawback t gravity separ3ton is its generally low
throughput. Information needs are essentially the
same as for flotation.

Additional technologies are required to support
saparation rnethods, including sedimentation and
filtranon, both of which are methods used in waste
water treatment. They may be used individually or
together,

Combined Physical Separation and
Chemical Extraction Technologies

The combined physical and chemical separation
techniques that can be applied lo decontaminate
radioactive soils are: :

- S0l washing and physical separation

- Separation and chemmical extraction

- Separation, washing and extraction technique

The sod washing and physical separation process
involves washing the soil with chemical soiution,
followed by separation of coarse and fine particies.
Tha type of solution used for wasghing will depend on
the contarmnant’s chemical and physical composition.
In 1972 DOE initiated laboratory-scale studias of soit
cleanmg techniquas: on the basis of these studies, a
washing and physical separation process was
salocted for piiot-plant study of clsanng plutonium-
contaminaied soti. The resuits of that pilot-plant
tasting (at Rocky Flats) show this process to have
potental for succass,

In pilot-plant test rune, sods contaminated ta 48,
284, 7515, 1305, and 675 pCiyg of plutormum were
cieaned o contamination levels of 1, 12, 86, 340, and
89 pCiig, recpactively, using ditferent washing

processas. The coarsa particie weight fraction ranged
from 58 percent 10 78 percent. Scil washing has been
shown to work in clay scil. This process may not
work for humus soil. The process is simpie and
relatively inexpensive and needs no major procass
develcpment. it wouid, however, need further pilot-
plant testing and development work to test its
applicaniiity to contarrinated soil,

In combired physical separation and chemical
extraction, the soil is first separated nto fine and
coarse particle fractions. Tha coarse particta fractions
may be washed ¢Qr sxtracted. The fine partcte
fractons are combinad with extracted contaminants
and could be sent to a secure disposal site. The
“clean” coarse fractions are anafyzed for residual
contamination and evaluated for placement at the
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process is that soil cortaining higher levels of
radicactivity could be treated. Also, various sections
of the process have been deveioped for extracting
uranium, and iaboratory work is underway in Canada
for extracting radium from uranium mill tailings. The
main disadvantages of this process ars that it is
expensive and has high chamical usage. In addition, -
the use of chemicais raises concerns of further
contamination to the environment. The process would
need further deveiopment woark in order to better
extract radionuctides from sail,

In applying the separation, washing, and extraction
technique. the contaminated soiis can conceivably be
washed with a vanety of washing fluids, followed by
chemical extraction. The natura of the washing fluids
and chemicals depends on the contaminants and on
the characteristics of the soil. It could be
acvantageous (o separat2 the soil into fine and
coarse fractions and use the washing system on the
coarsar soi fraction to reduce the throughput and
chemical usage. The treated soil, the finer soil
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require appropriate disposal.

Genaral Issues

Several issues are of significant concam in attempting
io appiy remedial technologies at sites contaminated
with radiocactive matarials. They include;

- Final Disposal and Disposal Siting. Publicly
acceptable sites are difficuit to find, and there
may be problems in convincing the public that the
“cigan” fractions ot the troated wastes are truly
accaptable. Some form of disposal may ultimateiy
be necessary as radioactivity cannot be aitered or
destroyed by any treatmant technology.

- Handling of concentrated residuals. Reduc-
ing the vniume of raciciagically contaminated
waste will increase the concantration of
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ard may substantially increase the

ot the contarninated fractions.

Mixed Wastes. It is important to nate that in
some cases there may be two caiegones of
residual contamination: process wastes and soils
contaminated with isciated radionuciiges or
groups of radionuclides. Whie remaval of the
radioactive fractions of soils contaminated with
single radionuciides such as uranium ar plutonium
might result in "ciean” fractions accaptable for
unrastricted disposal, removal of the radioactivity
from a sod contaminated with process wastes
may not. ln this second case, the nonradicactive
fractions of the rasiduas could result in an
unacceptable product. Therefors, beiora
considaring any separation technigue, it is
necsssary that secaptabla limits for both the
radiologicai contaminants and the non-
radiclogical contaminants be defined. in scrme
cases muitipie treatments or combined
techneiogies could be required to achieve
environmental goais.

Criteria for Furthar Studles

The utility of any potennal treatment process and the
applicabiiity of the overall ramedial acton depend
heavity on the physical characteristics of the
contaminated media and the surmounding soiis. Sinca
none of the chamical extraction and physical
separation technologies have been usad in a sia
retnediation situation, their application must be
apgroached cautiously. The same holds true fur
solidification or stabilization procasses. Cnly land
ancapsuiation and ocsan disposal have been used.

It is important to study the patterns in wasts
charactenstics at vanous Sites and develop waste
groups with smilar major charactenstics. Appiicability
studias can identify promising technologies to be
tested for treatment ot sach waste group. Preliminary
screening of the technoiogies can be accomplished

pased primanity on the waste charactenstics.

Whan one or more remediation concepts are selected
that appear appicabls o 2 site, plane may be mada
for treatabilty studies. Success thera could lead to
pilot-scale testing and eventuaily to full-scale
demonstration of site cleanup. This step-wisa
procedurs is essential for the davelcoment of any
ramaediation tachnology, with carefully developed wark

pians and quaily assurance pians preceding Sach
step.
Conclusions

The remediaton of radicactvely contaminated sites
under Superfund, FUSRAP, and UMTHAP has been
hampered by the lack c! maethods other than

temporary storage Of penmanent encapsulation on

land. Alernative technologies, which have to he
avaluated and discussed further, may have Tthe
potantial for reducing the mohility, toxicity, or volume
of these contaminants. Further studies need to be
camplatad prior 10 the implementation of thess
aitarnatives.



Chapter 1
introduction

1.1 Study Purpose and Objectives

The Environmental Protection Agency (EPA) has
identified twenty Superfund sites in the country that
are radiciogically contaminated by man-mads
sources (s@e Appendix B), These sites, iocated
across tha United States, vary greatly in 523 and may
involva radiaton exposure to pecple who reside on
and around them. Radionuclides, uniike other
hazardous wastes, cannat be aitered or destroyed to
eliminate their hazard pctential.

The principal objective of this document is to identity
the full range of technologies that may be usaful in
reducing to accaptable lavels the radioactivity at
uncontrolled hazardous waste sitas. Many of the
tachnologias discussed would requira significant
resaartn and deveiopment activities before they couid
be reasonably considered for site cleanup. This report
oniy addresses treatment and disposai of
radiologically contaminaied soils: it does not deal
with, for sxample, sites whosa pnncipal radiological
contarninaton is in building i sterials. Radiologically
contaminated ground water is also a concem at some
Superfung sites, but ground water treatment is
beyond the scopa of this report.

The document is intended as a first review, This
report provides a discussion of he technoioges, bul
not a detaiied critical evaluation of them, The report
does not include in-depth analyses that wouid be
needad o determine the applicabiity of any of these
technaologies at a partcular site.

In order to better ascertain the applicabiiity of the
technologies, dascriptive data have been gathered for
the twenty sites identified on the National Priontios
List (NPL) that are known to contan radioactive waste
materials. These data are pressntad in Appendix 8;
they are accurate as of Decamber 1967,

1.2 Heaith Concerns

The radioactive materials at Superfund ses consist
primarity of wastes from radium, thorium, and uranium
processing. Thase wastes contzin resdual gquantties
of these elements and their radioactive decay
products, which have remained as contamnants in

buidings. scd materal, and stream channeis after
operations at the sites have cesasad--or have been
dumped as waste in on-sita or off-site disposal
areas. Contaminated scils have sometimaes been
utiiized as fill material on private and public propartias
for various purposes. Tnere are many other
radionuciides that may aiso be impactasd by
technaiogias in this report.

The radicisotopes of concem belong 1o the uranium
238 and thorium 232 decay serigs (see Figure 1)
Hazards to the general popuiation could occur
through saveral pathways, including:

{1) inhaiation of radon decay products,
particularty whare raden is concentraied
within building structures:

(2) inhaiation of particutates or ingastion of
matenals containing radicisotopes of the two
decay senes;

{3) ingastion of radionuclides via drinking water
and food; and
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In the absence of remedial action, these potential
hazards cculd persist for extremsely long periods
(millions of years) because of the long half-lives of
the controlling isotopes.

There are three types of radiation generally believed
10 posa hseaith hazards,

One is the alpha radiation (postively charged nuclear
particies) associated with radioactive decay of radon
gas and other radicactive elements, such as radium
andg uranium, Although alpha radigion cannot pass
through the outer layers of skm, it can enter the body
through inhalation and ingestion. Inhalation of aipha-
emittng particles is a major heaith hazard and may
contnbute to lung cancer. Ingestion of water, dust,
plants, or animals that contain alpha-amitters may
contribute to cancer in the various pans of the body
where the aipha-emitters lodge.

The secordi type of radiation that may pose a haaith
hazard is gamma radiation. Gamma amittars can
contribute to external exposure, since they can
irradiate the human body. Such exposurs can
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Uramium-238
4.5 tittion
yours

Uramum- 234
240,000
yours

Protactinium-
234
1.2 mnutes

r

Thorium-234
24 davs

gsmma

I

|, beta,
gamma 40N,

=

1

Thonum- 230
77.000
yaars

[ ainne,

‘ gamma

Radium-228
1,600 years

siphs,
gamma

|

Asdon-222
1B aave

aipha,
gammn

Pajonium-218
3.1 minutes

Elament
Half-Life

l

Parucie or
Ray Emitted

t

Potoniurm-210
138 cavs

4

Polonmum-114
00018 seconds

i
=

Hiamutn-2i4

bats l
uETmE § Sismuth 27 alnha,

slpe, 5.0 days pamme

an ¥
[*2

Losd-214 bats

7 minutes

contributa to cancer in vanous parts of the body.
Dilerent measurss may be requirad t0 reduca
expasurs to aipha and gamma radiation.

The third type of radiation is beta radiation
{electrons), Energetic beta carticles can pass through
skin. The primary hazard from beta radiation,
howevaer, it intarmnal decocsition by ingestion or
inhalaton, Although decay of radium to radon does
not produce beta radiation, a subsequent portion of
the desav chain produces beta raciation. The beta
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radiation is of secondary concem reiative to the aipha
and gamma radiation, as the associated risks are
typicaily much lower.

The principal health concarn at sites containing
radicactive wastes has been radon, radon progeny,
and gamma radiation from radionuclide decay. The
primary gamma radiation source & waste Sites is
radium in the scil. In addition, radon gas is continuaily
produced by radioactive decay of radium, 38 indicited
in Figura 1. Radon and its decay products (radon




“progeny”) are alpha emitters that are potentially
injunouys if they become lodged in the respiratory
system, and gamma emittars. Radon in the soil can
make its way through cracks and porous building
matenais and accumuiate in unsafe concentrations
within housas and other buiidings and anciosures [1].

Radon has a hatidife of 3.8 days: its progeny are
radinactive particles. They can attach themseives to
dust and other particies. f they are mnhaled, either
attached cr unattachad 0 other particles, thay may
deposit in the respiratory systam whare they amit
alpha particles, which may be darmmaging to the
lissues. Alpha-emitting particies from decay of radon
and progeny are considersd to be a cause of lung
cancer {2].

Residances and othor buildings have been built on
and around some waste disposal sites contaminated
with radicactive matenals. The radiation hazard
derives from elavated indoor concentrations of radon
gas aﬁd &isvaivg outdoor and indoor gamma radiation
lsvals that approsch and sometimes excsed the
radiological standards for the general public. It is
important to note that thera are average background
radiation lovels associated with these materais.
Typical levels are shown in Tabie 1; they may ot be
tho same as the average level in any prrticuiar
iozation,

Sites that contain radioactve waste mecerials may
also contain other types of hazardous westa. Some of
the Superfund gites, for axampie, crntain various
types of hazardous wastes, and 'ne radicactive
portion may pose & relatively minor threat by
comparison, The pregencs of other hazardous
matenals may complicate dealing with the radicactive
portion of the waste and vice-versa, cPA is
developing special requiatory approaches to these
“mixed wastas.”

1.3 Waste Sources and Contaminated
Media

Radicactive wastes at uncontrolled sites have come

from a yariahy of sourcos Parfane tha mast commnn
= anaty ¢ emaps W os Lomm on,

at least at Superfund sites, has been the residual
matarial derivad from ore processing to obtan
radicactive slements. Examples are wastes from the
beneficiation of uranium-, radium-, and thorium-
beanng ores and from the process use of these
eigmenis. A common use [OF ragium has Geen
luminous watch dials; thorium has baen used for
mantes for gas lantems.

it appears that most of the contaminated wastes are
in tailings, a soil-ike matrix. The radium and thorum
wastas axist in raiatrveiy smail guantties at most sites
in comparison to uranium mining and mili tailings and
the wastes from nuclear fuei procassitg and handiing.

Table 1. Typical Background Radistion Levels'

Component Tyncal Background
Gamma radaton 8-13 pRm
Ra-228 or Ra-228 i s -1 pCyg
Urannam n sod -1 piig
Th-232 in sov =1 pCi'g
Ra-228 in waisr wih Aa-229 -1 pCil
U-238 v waer ~1 pCh
Racon m ar (outdoor) 0.2 oGl
Racon in ar (indoor =1 pCiA

“These may not b 1 same &3 e sverage isvel n aty parscuier
ocanon,

Fuel prezasssing, handling, and use may resuit in

mlnﬁurm hmhlu contaminatar contamnars munnrnnﬂt
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and even spent tuel residuais. MNuclear fuel wastes
ars ceneraily maintained i containers at the use site
l4.g9., nuclear power and generating plants) until their
final disposition. Superfund sites for the most part do
nat appear to contain thase types of materials.

1.4 Scope of Repcrt

Chaptars 2 through 7 describe the range of
technoiogies for the removal of radicactivea matenals
from contaminated soil. Thase saections daal,
respectively, with cisposat of contaminaiad matanals,
on-sita treatment, radon control cheshical extracton,
physical separation, and process ~ombinations to
remove contaminants from sci. The descriptions are
the resuit of literature surveys and discussions with
experts who have deait with similar problems. It
should be noted that the radicactive contaminants are
not aiterad or destroyed by treatment technoiogies.
The voiume of contaminated material may bte reduced
by treatment, but the concentration of the
contaminants will be much higher in the reduced
volumea, Soma typa of containment and/ar burial ie
the only uitimate’ ramody for materials contaminated
at laveis above thosa considerad safe for :nrestricted
release. -

Chapter 8 briefly points out some of ihe issuas that
may inhibit or ctherwiss atfsct the romsdiation of sites
containing redioactive waste. The issues include, for
example, siting for final disposal, public reaction, and

costs.

Chapter 9 looks at potential experimental work
{pench-scaie siudies, for exampiej io test the
applicability of the alternative remadiation
technoiogies.

Chapter 10 presents the conclusions of this report,

Appendix A briefly presents scmae of the
laws,raguiations, and guidance that are part of the
tramework within which technoiogiss may be selected
lor remediaton of Superfund sites. This report does



not attempt nor is i intended to provide a complete or
detailed analysis of how vanous laws, requiations, and
guidance apply in general or at a specific Superfund
site, nor is 1 intended 10 s&t or interpret policy for the
selection or use of tachnologies 10 Clean up any
Superfund or other hazardcus waste site.

Existing Superfund sites known to contain racioactive
materals are bnefly charactenzed in Appendix B.
Descnptive data include: the location, size and
voiume of the site; the character of tha matnx
materals; proximity 1o population centars; the degree
of contamination; and the status of survey and
claanug activiies, Uata aiso have been gathered on
sites being managad and remediated by the
Cepartment of Energy (DOE) [3]. This information is
alsg presented in Appendix B.

Descriptive data on Superfund sitas where
radioactivity is a soncem waere abtained from the EPA
Office of Solid Waste and Emergency Response and
trorn each of the pertinent EPA Regional Cffices.
Information on DOE sites was obtained from literature
provided by the Qak Ridge Naticnal Laboratory
(ORNL) and the EPA Research Lbrary in Cincinnati,
from DCE personnel, and fom the staff of EPA's
Office of Radiaticn Programs.

Site-specific inforrnation is not complata at this ime.
For axamnia, oniy limited information has hean found
on the scil or matrix charactenstics at some of the
Superfund sites. Detailed information on the physical,
chemical, and radiological chiaractenstcs is absolutely
necassary before attempting to apply any of the
alternative technologies.
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Chapter 2
Disposal

2.1 Introduction

This chapter discusses remadiation methods that
show potential for use m the finai disposai of radio-
active waste materials. Final disposal is generally
regarded as some sort of containment that separates
the matenais from any further contact with the public
and the envirgnment, The radigactive waste matenals
may be in the form of talings or talings mixed with
sail,

If some of the technologies dascribed in this repart
are appiied prior o contanment, the comaminated
wasteé volume may be raduced with a concomitant
ingrease in tha concentration of tha radioactive
matarial. Adcitionally, the larger fractions of the
treated soil may be suitabie for replacement at the
point of origin without any long-term managemaent, if
the treatrnent tachnology succeeds in reducing the
residual radiation to an acceptable level. No matter
what tachnologies are apphed, thers will always be
soma portion of the matenal that will require long-
tarm disposal.

On the other hand, the radicactive waste matenais
may not be in a form amenabie 1o volume
reduction—e.g., contaminated eguipment; ihese aiso
must be permmanently contained if they cannot be
cleaned.

Disposal can be in one of two catagones: on-site
disposal and off-site disposal. The state of the an of
on-site and off-site disposal methods is shown in
Table 2. Applicability of thesa methods to Superfund
sites is controlled by site-specific factors: therefore,
mew usefuiness must be determmned on a site-bDy-
site basis, At present, capping and land encapsulaion
ara the ontv two methods used for radiologicaily
contaminated site ramediaton.

2.2 On-Site Disposal
it may be possible to deai with radicactive waste

mateniais, particularty i they 2re in 2 sodl matnx, by
methods that do not remove asther the sod or the
radionuciides from the site. Methods include: capping

and vertucal barriers,

2.2.1 Capping

221.1 Description and Development Statua

This concapt involvas covering the contaminated site
with a barner sufficiently thick and impermeable to
mirimize the dittusion of radon gas. Barrier materiais
can ba either natural low-permeability scils (e.g.
clay) or synthetic membrane liners, or both. Both
types of matenais are generaily avaiiabie. A bammer
might consist of several feet of compacted clay,
depending upon radiaticn levels, and extending a faw
teat beyond the perimeter of the contaminated area.

Cap design and construction should consider tha
need to; 1) confing radon untl it has assantiaiiy
decayad 1o its progeny (for normal scils, the deoth of
cover required. is about 150 cm for Rn-222 and 5
cm for RAn-220); 2) attenuate the gamma radiation
associated with all the radionuclides present {for
normal soils, the danth of cover required for gamma
radiation shieiding is on the order of €0 em) 23)
provide long-term minimization of water infiltration
into the contaminated material; 4) function with
minimum maintenance; 5) promote drainage and
minimize erosion: and 6) have a permeability less

tan or egual 1o the permeszhility of any hattom liner

system present or the natural subsails.

Radon is continually produced from the radium
source, but the radon itsell decays in a few days. A
schematic diagram of one potential cap design is
shown in Figure 2 [1]. A number of DCE facilities
have Deen constructed using the crnteria comained
heren. The technology of caps is well deveicped,
and saveral good refarances are availabie [2-7).
However horizontal mugration of radium or other
radionuciides in ground water couid still ocour.

2.2.1.2 Potental Appiicable Situations

Capping a waste mass in situ is applicabie over a
large. discrate, contaminaied area or as a rontinuous
cover over sevaral smaller areas that are close
together. Since thers is a greater likelihood of
penetration through the cover if structures are buiit
upon it. capping is best used when no structures are
pianned for the site. All reasonabie steps should be




Table 2. State of the Art of Disposal Methods
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taken to prevent or prohibit construction of buidings
on caopeda wastas as long as possibla.

2.2.1.3 Advantages and Disadvantages

Agvantages -~ The advantages cof cappng are easa
of application, the fact that it 15 a well-known
tachnology. and itg nigh reliabiity when maintained

properly. Angiher advantage of in situ capping is its

Figure 2.

Schematic of a cover profite. (Regrimaed from {1].}
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Disadvantages - Capping the radon-amitting site
doas nothing to eliminate the source of radioactivity
from the araa of concern. It simply impedes release
by shieiding and trapping. Thus, the ¢ap must remain
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intact, without penetrations, indaefinitely. Tree roots.
excavations for vanous purposes. such as utillites
repair, and unwitting excavations orf panetrations
(8.9., post holes) couid resuit in significant leaks.
Buiding consiruchion, as indicated abovs, i & clear

threat tc a cap. In adgdition migration of uramum and
radiurn in the ground watar could stil occur.

221.4 Informadcn Neerls

As noted above. capping probably can be apphed
without the detaied site matenais characterizaton
necessary for most other types of remediation.
However, it must be datermined whether other
hazardous materiais are prasent: remadiation
requiroments for nonradioactive hazardous matenals
may take precedencs.

222 Vertical Barriers

2221 Description and Development Status

Verticai bamer walls may be mnstalled around the
contaminated zona to haip confine the material and
any contaminated ground watar that might otherwise
flow from the site. The bamer wails. wiich might ba
in the form of siurry walls or grout curtans [8,9],
would have {0 reach down {0 an impermsabile natural
horizontal bammier, such as a clay zone. in order to be
effective in impeding ground-water flow. A barriar
wall in combination with a surface cap could producs
an essentiaily complete containment structure
surrounding the waste mass.

Siurry walls are constructed by excavating a trench
under a siurry. The slury could be bentomie and
water or it could ba Portland cement. bentonite and
water. In cases where strength is required of a
vartical barner, diaphragm walls are constructed with
pre-cast or cast-in-place concrete paneis [9].

An illustration of the slurry wall construction process
is shown in Figure 3.

Grout curtains [S] are constructed by pressure-
injecting grout directly inta the sod at closely spaced
intarvais around the waste site (Figura 4).

The spacing is selected 3o that each “milar” of grout
intersects the next, thus forming a continuous wall or

s s mwna Vimaamma s i
cuntain. Vanous kinds of grout can be used, such 2g

Portland cement, alkaii sdicate grouts, an¢ organic
polymers.

2222 Potental Applicable Situations

Vermcai barriers couid be considerad for use io
pravent or delay escapw of liquids and perhaps gases
{i# installed in combinatcn with a cap), unti a more

Figure 3. Slurry f ] - ¥ {Reprinted
tram {31.}
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Figure 4, Grout curmin d site. {Aep d fram
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desirable permanent remaediation technology is
acopted.

Barrier walls could be considerad only for jarge
discrata masses of wasta matenais or around several
smaller masses close together. Bamer walls are nat
totally impermaabie to water.
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<443 Advaniages and Disaavaniages

Adventages - Verncal barmers in soil and soil-like
materials are relatively simple to install. They may
save e expanse of excavatng and removing the
contaminated material. In addition, they might serve

such as contarminant extraction, couid ba camed out.

Disadvantages - It is difficuit to obtain truly low
permaab.ilies n grout curtains constructed in



unconsoiidated matenaig {8]. Neither slurry wail nor
grout curtain does anything, in itseif, to siiminate the

problem of rodicactvity or any other contaminant.

Each simply improves the confinement of the
contaminants to the sita.

Another potential disadvantage is the possible
deterioraton of the bamier walls resuitng from the
chesmicais contamed in the wasie, paricuiany organic
chermicais. A vertical bamer would not stop vertical

contaminaton {0 ground water beiow.

As with caps, bamer wails do not eliminate the
radioactive contents of the enclosed waste. They can
only inhibit the spread of the contaminants. They do
not inhibit the ralease of ragon as a cap wouid.

2224 Information Needs

Tha sucresshul installation of a vertical barmer wail by
the slury wall or grout curtain technique requires
detailed pror knowledge of the soil’s physical and
chemical characteristics [3]. As a minimum, the
charactarization of any liguid contaminants s
required. Many common chemical (particularly

c."ga."-h.., oontaminants at unoontrolled wasta sitea oan

destroy certan groyt materiais or prevent tham from
sang.

2.3 Off-Site Disposal

{Jfi-siie disposai, as e (&M 1§ used Nigie, Neand
controlled disposal at a site that is engneered or
chosen for the purpose Dbecausa of certain
characteristics. Hydrogeological conditions at the site
is one of the factors that must be considered in
solecting off-site land disposal sites. Disposal may
be very near the contaminated site or it may be very
remota. The choica may depend upon site availability,
securily, public acceptance, cost. safety, and cther
factors. Cff-site disposal is considered here to be a
final stage of remediation. whether it is applied to
untreated waste or to the extracted. encapsulated, or
solidified wastes. Lang encapsulation, land spreading.
underground mine disposal, and ocean disposal are
the off-site disposal methods reviawed in this

chapter.

In tha casa o radinactive wasta it i8 not clear that

dssposal with reatment wil be supenor to disposal
without traatment., The off-site dispesal technologies
are discussed hera without attempting to judge thetr
relative ~cceptability. Given the length of time that tha
radioa.’  wasie will be a hazard, the design must
inciud reater aitention 1o dsgradational
charact.-isucs of construction materials than has
been normaily considered for hazardous waste

disposal sites.

2.3.1 Land Encapsuiation

2.3.1.1 Description and Deveiopmerit Status
Land encapsuiation i a proven, weil-demonstrated
technology. EPA has produced many publications
dealing with the techrology of hazardous waste land
encapsulation (all of the Techmcal Resource

Document series) [10L Figure 5 ig a2 croge-gaction

of a conceptual design of a land encapsu.ation
structure [1,11]. Nuciear Regulatory Commission
{NRC) and EPA have jointly deveicped guidanca on
land encapsulation sitng and design for commercial
mixed low-level radioactive and hazardous waste
disposai faciites [6.7] (see Appendix A, Addendaj.

Land encapsulation is a technoiogy that is iikely to be
considered at some stage in avery site remediation
casa, especially with radioactive wastes, because the
radicactivity cannot be altered or destroyed.
Altarnative technoiogies may be appiied to the waste,
as descritad later, lo raduce its volume, but the
concentrated contaminants must stilt be contaned.
DOE has used land encapsulation or some variant of
it at the FUSRAP sites that have been remediated
(sae Appendix B).

Land ancapsuiation can occur on site, but this may
not be an option in all situations. If a radicactive
material processing plant is the source of the waste
and is near the contaminated area. the plant site

could bs a ;m% pcsseb"st‘; far tha land ancansiianon

location.

Alternatively, a remote site dedicated by a state or
ather governmant antity to radioactive waste
containment. possibly could receive waste from any
number aof sources within the state. The control
inefficiencias associated with operatng diverse sites
over lang penods could thus be minimzed.

A vanaton of the in-state concegt might be the
placemant of the radioactive waste in the base of a
new municipal solid waste landtil. The langhil wouid
require a low-parmaability liner. The solid waste atop
the radicactive wasi@ would delay the ermission of
radon unti it had decayed and would absorb gamma
radiation. Since the eventual land encapsulation cover
would not be breached, at least for many years. the
radioactivity would not be of significant concern.
There is potential for probleams i langfill leachates
were o mobilize the radionuclides buned below the
gamage. Another possibla problem with this concapt

is mathana generation in the municipal waste. it the
mathana should secana, radon muiht asnana with it,

There ara three existing NRCdicensed {(by states)
commercial low-level radicactive waste sites, at
Hantord, WA: Beatty, NV: and Barnwell. SC. The
Bamwell site cannot acceot radium waste. Although
probably capable of safely contaiming the waste from
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Superfund sites, the other twe may be raluctant to
accept the wastes for many raasons, not the least of
which is the scarcity of containment space. States in
which these facilittes are found are beginning to
rafuse wastes from cutside their state or cutside their
compact states, and are permined to do SO under
LLERWPA. Disposal at such remota out-of-state
sitas may well ba the most difficult, and the most
axpansive, of the land encapsyiation options [1].
Potandal Applicanis Situaticns !

Land encapsulation may be appropnata for wastas
that have not been treated., as well as for
radionuclides extracted from a soil or other type of
matnix. In fact, it may be the most appropriate final
dispaosal mathod in most situations. To date. DOE has
been utilizing either temporary storage or permanent
encapsuiation as the most viablea remedial
alternatives.

2313 Advantages and Disadvantages

Advamages - Land encapsulation is a proven,
workable technology for the disposal of low-level
radioactive wastes. it can be a viable sclution at a
reasonable cost. The radionuciides would be removed
from the site and would not be a sigmficant protiem
at ihat sie.

Disadantages - Finding an appropnate site for
construction of a land ancapsulation may be difficuit
due to the current public aversion to this technology.
Finding an existing secure site outside the
containment property that will accept radioactive
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wastes may also be difficuit. Qutside the
contaminated property the wastes will require
transportation and handiing. Transportation of large
voiumes of radioactive materials also carries certain
costs and risks. There wiil he considerations of safety
and permitiing in any casa, out if the radionucides
have baen concentrated by axtraction and separaton
procassas. these probleams may becoma more
difficult. Longewity is a consideraton in the design of
the disposal sita. An appropriate site will have tu be
found for the radionuctide concentrated fraction of the
materiat. In any case, the disposal site 1ssue will have
to be faced at some future date.

23.1.4 Informaton Neads

Relative to other techmoiogies. minimal information
about the site soil charactenstics is required prior to
land encapsuiation. The levels of radicactivity and
quantities of nonradioactive hazardous rnatenals are
certainly important, but soil grain size and other
physical charactenstics do not have a significant

GH‘F?-C! an nnnhruhlhfu aof ancapsulaton, Othar

characteristics of the potanual dtsposai site, howwer.
must be huily analyzed.

232 Land Spresding

2321 Description and Development Status

A disposal option not often considered for radicactive
wasta is spreading on land {12}, This could be an
option for untreated sail with low radicactivity levels.
The materiai could be transported to an appropriately
selactad and sufficently iarge expanse of remote




open land and spread o a degree that the sail
radioactivity level apgroaches the natural Dackground
radiation lavei of thesa matanais. The matenal can
ai50 be blanded with ciean fiff for diluton and then
spread over the land or dispesed under road beds.
This technology has not been demaonstrated for
radioactive waste. Land spreading of radium siudge
fram drinking water treatment systems has been an
allowed gaticy in (linais since 1384,

2.3.22 Potential Appticable Situations
Land spreading appears !o ba more appropriate for

dry, granular, sod-ike materials or tadings that ara

not mixed with other contaminants.

23.23 Advantages and Disadvantages
Advantages - The technoicgy appears simple and

e nanar It

reigtiveiy mexpensive. & Could rasull it a
remedy for the contarninated sites invoived.

Disadvantages -~ Selecting a site 10 receive the
materials wauld likely be a politically and sociaily
sensitive issue. The typas of matenals that couid be
acceptad would probably fall witht a very narrow
range of physical and chemical charactenstics. The
technology has not teen demonstrated. Conwincing
the public of its safety would be very gifficult. A
potential problem may be amithng respirabie particies
into the arr. Land spreading could contnbute to a
non-geint source poliution protiem generated by
native sod.

2.3.24 Information Needs

Because this technology 15 an untried concspt.
information needs have not baen worked out,
Howaver, there seems to be no doubt that detaled
physical and chemical charactenstcs of the waste
matrix would need to be gathered. Site salection
cntena would have to be developed for the recewing

DY,

233 Underground Mine Disposal

23.3.1 Dascription and Deveiopment Status

Abandoned mines couid provide sites for ihe
permanent dispasal of radiclogically contaminated
wastes, A conceptual layout of a mine disposal facility
13 shown in Figure 6. This is one way to pian for
distance beatwaen the radioactively contarminatad
material and the human population, athough ground
water could provide 2 route for the contaminated
matarial to reach the population. Some research has
been done on the possibvity of using mines for the
disposal of hazardous waste {12-14] and, more
specifically, for digxin-¢ontaminated wastes in

that stata were examined, Thae results weare

10

encouraging from a techmical standpoint, Hut the
concept has never been implemented in the United
States.

The DOE is currently working on 2 mine repasitory for
radicactive wasta called the Waste lsolaton Pilet
Projact {WIPP) in New Mexico, Whie this repository
is designed for higher activity matenals than most of
the Superfund materiai, the congept might De
appiicabla, particularly in light of tha possibdity of
volume reduction. Mine containment of hazardous
waste in Europe has been successful {18].
Multpurpose use of a mine for hazardous waste and
for low-avel radioactive wasta migit be considered
and would likely reduce the per-unit costs of waste
disposal.

Underground ming disposal wouid not be approprate
tor radiologicaily contaminated bulk liguids or

P Y e it r=TTa ey 0 TV NPV V- F ¥
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For mine disposal, as for any off-site disposal,
excavation of the contammated materials would De
necessary, and they wouid have to be transported to
an appropriaie site.

Any of the waste volume reduction and solidificatan
or vitrificanon techmques descnbed in this document
might be used prior to mine disposal. Soiidification or
vitrification of the matenal, whether or not the voiume
has been reduced, could provide even more securty
for final containmant in the mine.

The principal drawback o the mine disposal option
may be cost. The use of an existing abandoned mine
might overcome that obistacie. With appropnate site
salaction, there are few, if any, technical disad-
vantages to this option.

2232 Potential Appiicable Situations
Mine dispasal might be considared for use for a

vansty of radionucide and marrix types. As noted
above, it could be used t¢ dispose of wastes with or
without prior treatment, aithough volume reduction
and/or sofidification or witrificaton mignt faciiitate the
ptocess. Wastes that have been concantrated Dy
extraction or separation techniques may be
particuiarty appropnaie for e dispasal. since they
are likely to be more radicactiva, requinng disposal
that 1s more remote and more sacure.

2.3.3.3 Advantages and Disadvantages

Advantages Mine disposal, if done properly,
shoulgd provide a very sacurg and remate contanment
of radicactive wastes. This technolegy has been used
succassiully in Europe lor hazardous waste.

Cisadvantages - The mine disposal of hazardous
radioactive waste may be among the more costty
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disposal alternatives, particularly if a3 mine must be
excavated for only that purpose. Wastes must be
excavated and transported with the associated permit
and safety concems. The usa of an ahandoned mine
would involve the cost of reconstructon and may
pose safety hazards. Also, the ground water must be
protected. ’

23.34 Information Neads

As with most technologies, the waste being daait with
must be carefully charactenzed. The mine site must
aiso be careiyily descnbed and judgments mads as 13
feasibility or appticabdity on tha basis of the
information gathered. For example. the hydrogeniogy
must be known in detaii, so that any ground waier
contamination may be preventad.

234 Ccean Disposal
2341 Dsascription and Dsvelopmant Statee

The concapt of ocean disposal ol low-levet
radioactive wastes is not new. As shown in Tabie 3. a
sizable amount of these wastes was disposed at sea
between 1946 and 1970 [17].

The radioactive wastes that have been disposed at
383 were usually in concrete-filled drums or
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containers. Three sites were used in the Atlantic
Ocean. One was 12-15 miles from the coast in 30C
feat of water near Massachusatts Bay. The other two
were n water deaper than 6,000 feet, ona 150 miles
off Sandy Hook, NJ, and the other 105 mules oft Cape
Henry, VA

Two sites were used in the Pacific about 48 miles
wast of San Francisco [17].

2342 Poiential Applicable Situations

Ocean disposal could be considered for taiings and
other radiclogicaily contaminated soils that are free of
other hazardous wastes, This alternative should not
be consdered for enhanced radicattve matanals
concentrated residuals. Stabilization techniques could
be appiied to the waste belfore emplacament o
provide for more secunty aganst leaks. For those
matenals contammated with hazardous chemicals, the
potential danger to marine biota must be evaluared.

o~
e

2343 Advantages and Disadvantages
Advantages - Ocsan disposai offers the opportunity
for extreme isolaton of low-level radicactive waste.

Disaavantages - Transportation of the contaminated
matarials will nvolve transter batwesn land and sea. if




Tabis 3. Cosan-Oisposed Low-Lavel Radioactive
Waste, 1348-1970

Number of Esumated acuwty at tme of

Yuar Contxners chsposal {in cunes)
1948+ 1960 76,201 93,500
1961 4,087 2%
1962 8,120 478
1963 129 9
1964 114 20
1985 24 3
1968 «3 h{e:-]
1587 12 &2
1963 Q [+]
1989 i ..}
1970 3 3
Totals 36,758 94 673

the radioactive contammants shouid ba released, the
potential tor dispersat and didution 13 immaensa.

2,344 Information Meads

Detailed charactenzation of the matrix, including other
hazardous matenals, would be required bafore ccean
disposal could be considered. I soridification or
witnficanon, as used in past disposal of radicactve
materials., ware lirst applied to the wasts, the
chemical compatbdity of the solidifzation agents and
the waste wouid need !0 be determined. However,
solidification or witrification is not required: all that is
needed is an assurance that the matenal wwl reach
the bortom and will not stay suspended in the water.

2.4 Typlcal Costs of Disposal Metheds

The cost of the applicator of any of the disposal
methods descnibed in this chapter will dapend upon
many factors, mcluding waste and site characteristics,

Thain M mmad ot i
Thius ths costs cannot bs astmatad relianly for any

mathod and lor any site at this stage, because most
ot the prerequisite infarmaton 1S not avalable. it also
must be cautoned that many, if not most. of the
controfling factors wilt be site-specitic. The cost far a
method af one sita may ba vastly diferant than for
the sama method appiled af ancther sie. especiaily
whan transportation costs are nvolved. Costs for
off-site disposal would inciude transportation as weil
as disposal costs. and ail but in situ optons must take
into accuunt excavation costs for the contamnated
matanals. Thosa disposal mathods requinng waste
treatment will involve treatment costs as wail.

Nespite the hmitatons and cautions. some typical
costs of dispasal methods are presented in Table 4.
Thase costs are not inlended to be appiicabie o any
parucular site. Casts of returr'ng “clean” treated
materal to a site are not inciuded.

12




Tabis 4. Typical Costs af Varknus Disposal Methods®

Thess costy are presantad 10 gIve SOME typical COSES under tha referenced condmons, They are not
nienced 10 OB ZDEWC3D 10 ATy DAFUCUAr 8. COStS of Mtumwng "Ciean” treated matenal 10 3 sita
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Chapter 3

.

ita

3.1 Introduction

This chapter discusses on-site treatment tech-
nologies that may immobilize radicactive
contaminants. Thase tachnologes inciude:

- stabilization or soiidification
- vitrification

These tachnologies do not reduce tha amount of the
contaminated matearial. However, they immabilize the
contamination in the wasta matenal and limit the
spraad of radioactive materiai.

Each of these is discussed below. The state of the art

-d e ru e ' e P P LY
ot hese on-sils roatmant lachr m!‘.n,!-%s is shown in

Tabie 5.

i

3.2 Technologies of Potential Interest

221

Siahilizstian or Solidification

3.2.1.1 Daescription and Deveiopment Status

Solidification is a process that produces a monaiithic
biock of waste with high structural integrity. The
contarminants do not interact chemicailly with the
solidificaton agesits but are mechanicaily bonded, A
stabilization process usually involves additon of
reagents, which limit the soiubility or mobility of the
waste constituents. Sciidification and stabilization
techniques are oiten used together [1].

The intant of sclidification and/or stabilization of the
comtaminated sail matenals would be to limit the
spread of radioactive matenal via leaching, etc.. and
to rap and contan radon within the densified soi
mass. While the contammants would not be ramoved

and would remain active, the mohility of tha

contaminams ‘¥oukl be eliminated or reduced.

Waste materials at Superfund sitas couid be solidified
in two ways. One is to inject the solidifying agent into
the materials in placa. The other |s tc dig up the

matenals and machine-mix them with the soliditying
agent. The soldified materials from the lattar process

Treatmen
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could then be re-deposited on or off sita in
angneersd containment systems [1,2).

In in situ solidification utilizing grout injucnon
technoiogy, grout wouild ba njected directly into the
soif contaimng the radinactive sourcs matenais
{Figura 7). This technique has been proposed by
DOE for by-product radicactive wastes [3]. !f
succasshul, the materials would be solidified and
radon would ba contained long enough to decay 1o its
daugnters. The soiidified matenal also might reduce
mobility ot radioactive and nonradioactive
constituants; if not, the matenal would require
isolation. The sofidification tachmque thus might be
pbetter suited !0 matenals that are already buried

andine r-ﬂnnnrl

e ——

In situ grouting for stabilization purposes reqguires
extensive and detaied charactenzation of the waste
marrix before the process is undertaken {Oak Ridge
National !aboratnrias. staff, personat communicauons.
l‘Vld‘y H’. luo.r] \.-ilu‘lni!..as gluu;a aig uuum auousd o
fing-grained soil with smail pores. while cemant
grouts are best for coarsa-graned materials. Greater
offectiveness might be achweved if both techniques
are used ‘ogether: cement grouting first, followed by
chemical grouting. Lime and fly ash have been
injected together to stabilize abandoned soiid waste
sitas (4],

The second way !0 solidify the wasta materais is to
gxcavate and mix the waste with solidilying agents in
either a continuous of batch procsss [4]. Portland
cement, pozzolaric fty ash, or any of a number of
chemical fixabon agents cun be usad n the process.
Bitumen (asphait), because of its aexcelient binding
ang sealing propartes, and its weatherabiity, can be
an eifective solidifying agent.

Excavation and mixing would be fcllowed ather by
placing the solidified sail in containars or by bunal on
the sita. The use of containers provides greater
assurance against release of radioactive matenals and
allows for flexible storage, aither on- or off-site.

I T e
wunuu: Cc!‘-{am%fs woyld

On-sita buriat with or

requira a soil cover of sufficient thickness to absord
the gamma radiation.
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Propcsad by DOE for iow-evel racoactTve
wasts

Feid tesung oy ORNL

Figure 7. Subsurfece injsction machine. (Reprinted from
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1212 Potantial Appiicable Situations

Sofidification could be considered for use in a vanety
of situanons. it offers the opportumity of [eaving the
waslé materials on-sMe in a relatively immobitized
state. it could be appiied to materiais with a range of
physical charactaristics, and is particularty appiicable
to highly porous and permeabile matrices.
Sofidification may be useful whera increased matarial

-

strength is desired, such as in a matrix of municipal
solid waste.

" For residential sites, the in situ method may not be

o

suitable, since maintenance of utilities would be
difficult, Alse, it probably is insufficient to raduca
gamma radiation exposure substantially.

The injection solidification techmgue is best suited to
materials that are already buried andror capped and
may provide more security against the escape of
radicactiva material entenng the environmant.

3.21.3 Advantages and Disacvantages

Advantages - Sclidificaticn may be anle to reduce the
releasa of radon and associated radioactivity to
acceptable levels at the waste sita without ramoval of
materials for off-site containment,

Solidification may also faciitate transportation and
cff-site disposal of radicactive contaminants with the
use of containers, especiaily where voluma reduction
or eaxtraction techniques have been applied
previously.

Disadvantages - While solidification may work
initially, it long-term effactiveness is not known,
Working against the in sty solidification technique
may be the location and configuration of the
contaminated masses. f thay are thin, discontnuocus.
and at or near the surface. injecuon groutng would
obviously face significant difficulties. In situ
soligification woulid be impractical for residantial
areag. In situ solidification, as with other disposai
technologies, may trap the radioactvity, but does not
sliminate it. if other types of hazardous waste are
inciuded in the waste, they may interfera with the
solidiication process. Orgamic chemicais could he
particularly troybiesome and could eliminate
solidgification progasses fraom luyrther consideraton.
Excavation coupled with solidificaton may be more

1214 Information Neads

Batore a dacision can be made concerning the
usefuiness of the procass for the site being
considerad, detailed information on the matnx (e.g.,



s0i) and associated wasie characiensics musi be
known,

322  Vitrificaticn
1A% 9 Masssdintiae and NMawalsaneand Slarae
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Vitrification is a process in which the contaminated
matenat is h ated to its meiting temperature, than s
allowed to cool and solidify to a glassy mass. In the
sinterng process the contaminated matenal is heated
to oroduca a coherert mass without meiting. The
process may be appiied i situ or it may te appliad 0
material axcavated and transported to a fixed process
sita.

The

Avannvantails aasliad in arde B
TREPTVH I MG Y Qo e e

Northwest Laboratorias [5] with the intant of
potentiaity applying it to radioactive waste sites and/or
Superfund hazardous waste sitas. The concept is
depictad in Figure 8. Presurrably, the radionuclides
would be tapped, and some radiatton would De
attenuated by the resuiting matenai.

in situ wvitritication grocess has bsen

Hattalla Daasifis
wanSud MRt

Figure 8. In situ vitrificav’on process. {Reprintad from {5].)
Ll o (3#% Hood ] 3 ‘
I l 2 | pr—— J__lr_l____ { '.‘uctfllll Porous
i INLRIOSITCE
J o
I e
Geaphite
and Frrt
LSlmn
Maeitung \
Electrode Zone [Vitrified SaitsWaste

Vitnfication is a high energy consuming process. In
the in situ witnification process. electricity 1S applied to
electrodes pilacad in the ground over the waste mass.
The ground and wasie mass heai and meii, and ihe
meiting zcne grows downward. A hood to catch
gases is placed over the zone, and the gases are
treated or removed o pravent ir pollution.

in the fuil-scaie concept, slectrode spacing would be
3.5 5 m, and the power required wouid be 3750
kW, for an expected vitntied mass ot 400 1o 800 tons
[£].

An in sity pilot-scale expenment was completed in
the summaer of 1987 at OANL on natural soil spiked
with cesium and strontium o simuiate the radicactive
contaminants. Resuits of this axperiment are under
evaiuation. In July 1987 an in situ vitrification process
was field demonstratad on a iransuranic waste sle at
Hanford, Washington. The resuits of this fieid

Anmanatvatinn ara haina avaliiatoad !Rattalla
GEMONSraicn are 99INg SYSWNISISG Saliane

Northwest laboratories, Personal Communication,
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February 1588; ang ORNL, Personai
May 17, 1987].

The vitrification aiso could be performed on
excavated materials on site or off siig In an electnc
turnaca or in a rotary kiln [B]. In the first. the
matenais would ba meited and poured Nto molds. in
the second, the contaminated matenals are sintered
in a rotary kiln, Whila sintering may not necessanly
produce a solid monglithic mass., it may raduce
availapility of the radioactiva constituent for leaching
and therefora may be appropnate for containng the
ragigactvity.

The products in ather case are likety to require an
engineered final disposal method.

3,222 Potantial Applicabie Situations

The in situ wiification process has been developed
specifically for application to low-lavel radicactve
waste sites, particularly t0 be used by DOE in its
remadiation pregrams. in situ witnficaton works on a
vanaly of matenais 1o a limrtsd extant.

The effectiveness of the process is vary different for
diffarent radionuclides and different chemczis. The
volatiity and mability of the alarmza or compound are
important factors in the dpplicability cf the method.

223 Advantages and Disadvantages

Advantages - In in situ vitrification the matenais do
not require gxcavation; the process could he apoplied
o materials with minimal pnor pregaration. The
radicactive matenai is trapped n the vinfied mass,
and releasas to the environment are reduced.

Electric fumace vitrification on excavated matenal
would produce a giassy mass, which can be poured
intn moide of coma convemant cite, The glasey
blocks might supplant wasta containers or
solidification biocks. Such treatment might be a
preprocessing stap !0 Mine or ocean disposal. The
rotary kiln is significantly more energy-eificient than
the edectric fumacs.

Disadvamages - Many substances would probably
volatiize in the procass. requinng gas coliection and
treatmant devicas. Radon trapped n the matenal
matnx couid be released dunng the procass, and
radium may volatlize. The use of the procass in
resicdantial areas may pose dithcultias, including
probiems in future underground utdity repair work.
Even it this were to be successiul, the witrified
material wili remain radicactive. Additional shielding
may be required for grotection from gamma radiation.
The vitrified material, if near the surface, may still
require removal from residentizl areas.




Fixed plant vitrification on or off site wouid require
excavahon and transport of the waste matenails to the
vitnficangn site. This would add to the cost. The
rotary kin may not he suitable for radicactive wastes,
as it does nat produce a securs, sclid, monoiithe
mass,

1224 Information Needs

Detailed waste characterization wiil likely not be
required t0 make the process work, However, the
charactanistics of the matenals, including the matix
and the contaminants, need to he known in some
detaii in order tc determine the valatlization
charactenstics, 5o that control of off-gases may be
plannad correctly.

3.3 Typical Costs of On-Site Treatment
Technoiogies

The cost of the application of any of the treatment
technologies described in this section will depend on
many factors, including waste and site charactenstcs.
Thus, the costs cannot be estimated reliably for any
technoiugy and for any sita at this stage, because
most of the preraquisite information is not avaiiabla. it
also must be cautionsed that many, if not most, of the
controlling factors will be site-spec:ﬁc.

Despite the lmitations and cauttons. some typical
costs for treatment technologies that immobilize the
radicactiva contaminants are presantsd in Table
6.These costs are not intended io be applicable lo

any particular sita.
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Chapter4
Radon Control

4.1 Introduction

Although the main intant of this raport is 1o
summarize technologies that might be used to
rernova. contan, or immaobiize the racdioactive source
materials in Suparfund sites, where radioactvity has
resuited from materiai processing or wasta disposal
operatuns, thera may he sites where it is more
desirabie or logical not to disturd these matenals, at
least for an intenm period,

Control processes usay ventiation are atreacy used
o some extent (o lower the radon concenwancn in
residencas cantaminated with naturaily occumng
radon. Radon control frory soit can be aoproached n
three ways: (1} radon reduction in homes through soil
gas venuianor; (2) elecrostanc precymiator conirol;
and (3) areal ventilaton from the soii above the
contaminated source mass. Each of these is
discussed betow. Table 7 shcws the state of the art
of radon control technoiogies.

4.2 Methods
421 Radon Control and Reduction in
Buildings

4.2.1.1 Description and Cevelopmant Status

Aadon may accumulate to unaccaplable
concantrations indoors. EPA has provided quidance
that recommends achaon at lavels above 0.02 WL {4
pCih) to reduca annual average expasure 10 below
those leveis. Nota in Table 8 that the average irdoor
concantration i estmated to be 0.005 WL, Aithough
exposures baetween 0.005 and 0.02 WL do present

Tatie 7. State of the Art of fteaon Control Teshnologien

some risk of lung cancer, reductions of thase levels
may be difficult and sometirnes impossibie.

EPA has developed and implemented a program to
avaiuate various meihods (o reduca radon
concantrations m residences [1]. The program is
aimed at developing cost-affective technclogies for
reducing radon from naturally occurnng sources in
existing and new homes of ail structural types. The
first demonstration projects are underway n homes
located in Pannsylvania, New York. New Jarsay,
Maryiand, Tennesses, Alahama, and Chio.

Radon reduction in homas is simple in concept. The
EPA prograrmn recogruzes threa basic methods:

(1) diversion of sail gas flow away from the
house:

(2) barriers (0 prevant entry 1o the housa; and

(3) redyction of concantration once it has antered
the house,

The techniques that may be used to impiament thasa
methods are descrived in refarenca 2. The
tachniques inciude sealing antry cracks in
foundations, lorcad ventilation ot soii in and adjacent
to the toundation, and naturai and forced venniation of
the arspace wside the house. Exampies of the
techniques that may be used are depicted in Fqures
9 and 10. However, sach housa must bhe addressed
individuatly.

A variety of snil parameters influencs radon
movemant, including thiekness, densites, spec.lic
gravitias permeabliies, porosities. and moisture

Fie) Domonstraton Racioiogiealy
Bench Scae Prict Prant win Racoactve Contwmnaing Site
Tecnnology Lanoramey Tesong ] Tasting Matena Ramac.anon amarksy
Recon Lomrol
- " nomes x x Recures
mMantenance
- E5P comm x x Ragures
MaNTengnce
- areal cOMYC x b Requres
Tnmaance
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Tabie 4. Recrssantative Expoaurs to Ricon-222 Prooany

Locanon Averang WL* Average oG
Quiooors 0.001 0.2
Ingoors 0.00% 1.0

*WL = Workng Lavel = a measuns of exposuns rats 13 racon
OMoarry Lindar e ulDensm COMbond of racon and ks

et — by hibons

progeny, 1 WL, equals the actreiry of 100 pCia of ar. At
ha aqubkbmem (50% ) generaily CoNsOand reorssentative
of most .nooor ermaronments, 1 WL aquais 200 pCit (2L

coment. These parameters in tum sifect the diffusion
and emanation coefficents of radon [3].

4.2.1.2 Potential Applicabie Situations

Site-specific housa remediation techniques for radon
lavels are currentlty being demonstrated. The
tachniques apply to radon amanating from the
undertvi=y soil, whether the sgurce s natural or a
marn-made waste mass. Radon control from
buildings may be a viable intenm technique whila
considering and impilementing source removal
alternatives.

4.21.3 Advamages and Disadvantages

Advantages - Radon reduction techniques for existing
homes can be simple, effective, and reiatively
inexpensive. They may be temporary aiternatives
while awaling removai of ihe source ragionuciiges, if
this is being considerad. Howaver, in many instances.
the sciutions can ba relatively difficult and expensive
when the problem is not compietsly understood.
Costs can run nto thousands of dollars for 3 house
2+ percent reduchons are needad, especialy for
large highly-timshed houses with poor sub-slab
permaabtlity.

Disadvantages - Hadon reduction techniques do not
affect the source of the raden, and therafore radon
production at current rates can be expected to
contnua indefimtety. Thus, the reduction system must
ba maintained for as iong as the building is occuped
or the sourcs is present. Radon removal sysiams do
not address gamma radiation problems, potential
ingestion pathways, or the potential for unearthing

awvehnn coantaminatad matanal
SXISUNG LOMAMINGINC MASnal,

4.2.1.4 Information Needs

Information needs inciude the leveis of radon
concentration inside the structure, an inventory of ail
tha averues Of radon eniry, ine characiensiucs of ine
saill underlying the building, and the structural
charactensucs of the buiiding.

)
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422 Electrostatic Precipitators (ESPS)

4221 Description and Devaiopment Status

Electrostatc precpitators (ESPs) are a form of indoor
air cleaner. ESPs wark on the principle that when
pariicies suspended it air enter an eecirosiatc fiewd
thay becoms charged and migrate undar the action of
tha fieild to the positive electrode, where thay ara
collacted. The coidectad matertal is removed by
rapping the collecting surface to siough off the
particies. An ESF wouid be installed in a room or area
o as o maarmze the ar contacl. The E3P may
reduce the number of particles (e.g. dust and smoka)
to which radon progeny may be attached, resuiting in
a raduction of radon progeny in the air. The heaith
effects of using ESFs in reducing radon progeny are
not knowrt.

4,22.2 Potentlal Applicabie Situations

ESPs have been used o reduce the radon progeny
levels in a store buit with contaminated adgbe brncks
141, Tha techniqus could be applied for buildings

where the source of contamination is building
matenals or the underlying soil.

4223 Advantages and Disadvantages
Advaniages - ESPs are easy {0 insigii in rooms or
enclosad areas.

Disadvantages - £5Ps do not affect the source of
the radon. The reduction system must he maintained
for as long as the buiiding is cccupied or the sourcs
is present. The ESPs do not reduyce gamma radiation.
The heaith effects of using ESPs are not known,

4,224 information Needs

Information needs include the level of radon and
radon progeny concentrations :nside the room or
area. the structural characteristics of tha building; and
air flow, volume, and partem.

423 Soil Gas Verting and Areal Control

4.23.1 Caescription and Deveiopment Status

The term "soi gas venting,” as used in this section,
refars o tachmques thal may be applied across the
entire arsa of gas prcduction. For example, the gas
gxiraction that 13 now raiailively common i ang
around mumicipal solid waste landfills fits in this
category.

Soil gas venting has been used to remove methane
from mumcipal waste landfills and to remova arganic
vapors from underground leaks of organic
compounds. Both active systems, where a fan or
pump 15 used o0 induce gas flow, and passive

sy
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Figumm 9. Tile ventilation whare tile dreins 10 sump. (Reprinted from {2].)
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Figure 10Q.

Sub-siah ventiltabon. {Repriated trom {21.)
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systems, which rely on the natural flow, have been
used to vent soil gases. These types of systems
might be appiied t0 vent radon from soils wnere radon
diffusion and rmigration occur.

In lanchill soil gas venting, a narrow perforated pips is
installed in the canter of the extraction well and
hackfillad with coarse rock, Tha upper part of the wei
is sealed around the pipe with impervious matenal 1o
prevent air from being pulled into the weil. as shown
in Figure 11. The perforated pipe is connected !0 a
neader system and fan o extract the gas. Gas
withdrawal rates vary widely from site o site

dapending on the rate of methane and carbon dioxida

generation and the landfill's parosity (5].

ol

Gas extraction waeill for lendfill ges cpatrod.
{Reprinted from [4.)

Figure 11.
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Based on the same general principie. Terra Vac has
successiully ramoved volatle organmics from the sod at
several sites n the United States. Terra Vac ulilizes a
vacuurm pump (o apply vacuum to the soil through
wells, causing an in sitw ar stripping of volatle
organic compounds. The extracted gases are
discharged to the atmosphare inrsugh an activated
carbon bed which adsorbs mast volanie organics (6].

If used for radon removal, direct venting to the
armosphere may be appropriate. In sorne cases. the
mighly concentrated radon in the vented gas may be
of such quantty that it cannot be released tc the air
immediately, In this case, the gas can bs passed
through 3 packed bed of activated carpbon. Since soil
gas tends o be saturated with moisture (1 - 2% Dy

volume} the ratention capacity of the carben is
snmawhat raducad At 20°C acthvatad carhon can

SISV G | Datitsgiad. 7 STV A

adsorb 5000 to 9000 cc of radon-beanng air per
gram of carbon depending on the type of carbon.
temparature, and flow rates {7]. However, over years
thus could cause the carbon to become a low-evel
radioactive wasta.
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Active soil gas venting has also been applied to
remove orgamic vapors from soil. In this remediai
technoiogy, soil gas is drawn from a wedl or set of
wells constructed near ong edge of the contaminated
zona. To better induce the flow of vapor and to dilute
the vagors. another wall or set of wells is constructed
on the opposite edge of the zone. By drawing air from
cne set of wells, a flow gradient is established across
the contaminated zone, and vapaors are drawn afi {8].

Ancther type of active gas ventiation system. which
relies upon pumping air nto the soil at one lgcation
and pumping gases cut at another location. may be
more atfective than other methods [9]. Figure 1215 a
schematic diagram of this system.

Passive soil vent systems are relatively simple and
inexpensive !0 construct and cperate. However, they

may be less affactive than activeé systems in

ramoving soil gas since much lags gas flow nocurs,

rsmoving scil gas
The passive flow wouid be caused by barometrc
pressure changes and diurnal temperature changes

that affect soit gas movement,

The effactiveness of any soil radon remaoval system 1§
likely to be very site-specific. depending largely on
the porosity of the soi, soil moisture content, the
distribution of radwum in the soil, and the
chermicalphysical matrix containmng the radium, For
axample, if the radwum wera contained in a tightly
compacted and/or wet matrx, the radon would not
difuse readily and prchably wouid reman trapped
untit it decayed 10 1S progeny. It should Se noted that
radon shouid not be removed from soil gas uniess it
is a proven source af indoor raden for an on-sie or
a nearby occupied structure. Radon in subsurface
soil. unlike methana, presents no fire or explgsion
potential.

Even thougn soil gas venting is a popular
methodoiogy tor deaiing with volatile grganic
chamicals {VOC) in the sai and/or ground water, it
has some large notentral nroblams in radicactive
appiicztions. This method has been shown o be in
viglation of some State radiation emission standards,
and charcoal beds may collect mare than exempt
quantities of radon decay products, making them
licensaple or registerable under State radiation
statutes. Moreover. when these charcoal beds ars
incinerated 10 remove tha VOC, they may impact
Departrnent of Transportation (DOT) reguianons for
radicactive materials (transport to out-of-stats
incinerator} and may impact a sacond state’'s
radionuciide emission standards (at the ncinerator).

4.2.3.2 Potential Appiicable Sltuations

Radon gas venting from a radioactive waste site
could be applied where the matenals are highly
porous {high parmeabiity) and the radon couid move
fraely to the extracton pont. Sweden has used sod




Figum 12, Schemanc disgram af a forced air venting systam. |Reprinted from (S]. Courtasy of American Petroleum institute).
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gas venting for ragon removal in smalt areas for
vanting natwally occumng ragon.

4233 Advantages and Disadvantages

Advantages - Radon venting rught suppiant other
remediation techmques. The entre operaticn could
take place on the site without disturding surrounding
propertes. it may e relatively low in cost.

Disadvaniages - The radionuciide cQurca materai
would ramain in place. As long as it Joas, the racon
removal system wouid have 1o operaie. since ragon
wouid ba produced indefimtely. The systern would
raguire a long-term maintenanca program.

The soil. if it is not totally uniform and highly porous,
would probably not be vented uniformiy. Also,
absence of sufficrent data on thus approach makes it
somewhnat unpradictabia. This method does not
address gamma radation. Adsorbing radon onto
carbon in large guantities may be unworkable. Areas
with 3 high water {abie may generate large quantties
of radicactively contaminated ground water, winch
must be treated andfor disposed.
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4.23.4 Information Needs

Tha waste site would require detailed physical
charactenzation n corder to detarrmine f the areal

vaenting concent ie practical and feasible,

4.3 Typical Costs of Radon Controis

Rough estimates of costs are provided in “Hadon
Reduction Techniques for (Detached Housas -
Technicat GQuidance" [2] for Janous radon reduction
technigues for residences. The cost estimates are
basad upon the axpenence of EPA and a number of
investigators. A summary of these rough estmatas is

inciuded n Tabie 3.

Typical capital costs for soil gas venting sysiems
rangs from S10 - 512 per cu m lor shallow VOC
deposits (at less than 20 feet) [10]. The cost includes
site preparation, dniling, piping, blowers, electiricals.
decontamination and demobtdizaton, The typical
operating cos for a soil gas venting system is 512 .
Sid/cu miyr. The operating cost includes cost of
alectncity, carbon, water, and labor.
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Tatie 5. Typicel of Vs

ki s
FUBGRUNS et Fu

Reduction Techniguses in

mimtivus Homas 12

e v VY ALAnmwrrTag T

Recucton Techreiug Ooeratng Insallabon Cost (%) Annuat Cost 18}
MNatural veniacon Q 1.1 @ 3 X normal heatng CoN

Forced venuiaoon 50-1000 1.1 0 3 x nomal heatng cost
+ 3273Nyr for elecuty
Forcad ventiason with heat 200-2500 1.1 19 2.0 x normal heaong
recovery cont + 530/ lor elecrcity
Avoldance of acohance 100-300 {install ducty’  smal
JEOIE3SUNZABON
Sump ventiabon 800-2500 $130Mr
([Conmyactor-mstalatad)
300
(home gwoer-nsiatied)
Sealng ony routns 300-500" ow
Dras tha venulaton 700-1500 (contractor) 3130478
300 (horme owner)
Actrue wal watianon 1500-220 $230-480MT8
Sub-siah) venulabon 900~ 2500 $130/vrS

* For average seaiing. A COMDANONSH Saaing 00 would run much Hgher.
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Chapter 5
Chemical Extraction

5.1 Purnose

There are several separation technigues that have the
potental to clean radiclogically contaminated soils and
tailings. Tr.. abjective of these technologies wouid be
to concer. dte the radicactive contarmnants, thereby
reducing the volume of soil for disposal. Chemucal
extracton is one type of separation technology, which
uses chemicals to axtract the radionuclides trom soils
and tailings. Other separanan tachnologies that mignt
ba used to clean sois and talings are discussed in
Chaptars § and 7 of this rapornt,

The chemical axtraction technology generates several
sail fractons. One or more fractions contain tha
concentrated radioactive cantamminants: tha other
“cleanar” soil frachons may contan unextraciable

e M o bl i e ki
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The concsnirated radionuclide-contammated soil
fractions would require off-site dispesal. The intant
could ba to return the “cleaner” soil fracnions. which
would ba a major portion of the soil by voiuma, to the
point of angin (the onginai excavation). Standards for
returning the cleaner sl fractions to the paint of
orgint do not currently exist.

it shouid be emphasized that none of the chemicai
extraction techniques have been demonstrated at fuil
scale to remove radionuchides from wasie masses.
Many of these techmiques ars used in ore
beneficiation processes to remove a single
constituent. The wasie sols often cuntain radium,
thonum and uranium, which must all be removed. The
real practicahility of these techriques to remove
radionyclides in 2 lieid applicanon ramains to be
demonstrated. The various potentat chemical
axtraction techmiques are discussed in this section,

5.2 State of the Art

Concem about environmental and health probiems
related 10 uwranium mil talings has resulted in an
extansive study of methods flor aextracting
radionuclides from scils and uranium mill tailings.
These studias were initidted in order {0 examing the
migration charactenstics of radium in contaminaied
sots and uyramum mill taiings, and to examine

Preceding page blank
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chemical extraction as 3 potential method for taiings
remediation [1-4].

Rafarencas at the angd of this section contain reviews
of those techniques with the potental lor cleamng
radiologically contaminated sais and mul tartings.
Thesa inctude extraction with:

water
inorganic salts
minaral acids
- complexng reagents
There ara notable differencas in the axtractabiity
rates of thesa mathods. Thase extractabiity
ditferantiais are caused by the types of soils, ores,
and tailings studied as well as varying conditions

e s o revntimnds  Tihoaen aiam baous
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bean occasional inconsistencies in rasuits obtaned
under simiiar experimental condittons. In spite of
thase dilfaroncas and inconsistancres, significunt
trends n each method are evident and are reported
nera.

Though the chemical extrzcton lechnologies have
baen extensively used in extraction ot uranum from
mineral ores, e use in cleanng contaminated souis
and talings to acceptable limits has been Wmited to
laboratory and pilot plant testing. Table 10 shows the
state of the art of the chamical extrachon tech.
nologias. The applicabiity of these technologies
wouid ba controlled by site-specific factors, and thew
capability must be determined on 3 site by site basis.
Research and deveiopment activities would be
nraecessary pnor (o full scale mobdizaton of these
tachnologies for site cleanup.

5.3 Tachnologies of Potential Interest
This section discussaes the four chermical extraction

tankninnas listad aravicogele Thaeo tachnalnmas
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produce an extractant coniaining a radmnut:iuda.
which must be treated to concaentrate and coilect it for
disposal. This seclion also discusses the followng
chemical methods for separation and coilection of
axtracted radionuclides from the extractant:

- Precpitanon and soprecipitation




- Solvent axtraction
- lon exchange

Membrane fittration, which is a physical method used
o separate and collect the radionuctida from the
extractant, is briefty discussed in Chapter § of this

. ol
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53.7 Extraction of Radionuciides from Sail or
Tailings with Water
5.11.1 Description and Davelopment Status

This process wouid use watar to extract the
radionuclide contaminants. Contaminated soil or
tailings would be mixad with larga quantties of water.
The watar, with the sotuble radionuctioge, could be
separated fromn solids by a combination of physical
separation mathods described in Chapter 6.

The radionuclide wouid then be extracted from the
liquid by coprecipitation, sglvent extraction. or by ion
exchange (discussed later in this chapter).

Water solubility studies have been performad
primanty to examne the leachabdity of radionuciides
from soils and miit taings [5-9}. Extraction of
uranium from water is also being stugied [10-13],
aven for uranmum concentration less than J ppb.

The water solubility of radium saits vanes. Chioride.
bromxie, nirale, and hydroxide are water sofuble,
whiie fuonde. carbonate, phosphate, biphosphats,
and oxalate ars only siightly soiuble.

acids but is soluble in concentrated sulfuric acid
{H2504). Radium sulfate is the least water soluble of
the alkaline earth sulfates and probably the least
water soluble radium compound known. Barium
sulfate is only siightly more soluble than radium
sulfate. The water soluble salts of thonum include
mitrate, sulfate. chioride, and perchiorats. Most
prominent of the insoiluble thonum salts are
hydroxide. oxide. fluoride. oxalate. phosphata,
peroxide, and hydnde. Uranium salts that are socluble
in water include bromude, chionde, cartwde, suifate,

Tabie 10. State of the Art of Chemical Extraction Technologies

ang hexafluorida. The key insoluble uranium saits are
oxide, tetrafluoride, and tribromida.

The extraction of radium from soil is dependant on
the liquid to sofid rata and optimum time for leaching.
Reterence matenals in this area [5-7] indicate that a
18-minuta laaching tima ramaves tha optimum
amount of radium; the incremental amount extracted
daclines after that timae to aimost no extraction aftar 2

hours.

Generally, the extraction of radium with deionized
from the samples studied. As little as 0.1 percent (8]
has been extracted, but as much as 40 percent has
been rernoved [6] under exceptionally high liquid to
solid ratios (10.000:1). In one study [9] water
remaved 75 parcant of the RaS0O4 from very fine (-
150 mesh) stime sohds. The remaval of thorium with
water was reported 10 be 3 percent in a study of
uranium mill taifings (4.5 percent radium and 22
percent uranium were remaoved), but the water was
probably acigic as a rasult of H3S04 n the mill pond
from the uranium leaching process [12]. Soi samplas
from the sites of former radium extraclion companas
in Denver, Coicrado and East Qrange. New Jersey
that were extracted with water released only 0.1 to
2.3 percant of the radium present and iess than 1.5
percent yranium [8].

A detailed investigation of cormesponding expenments
cared out in Japart, West Germany. and the U.S.
has led to the deveiopment of specific plant cencepis
for extracting uranium from sea water [10,11,13].

The typical cost of exiracting uranium rom ssa watsr
is around $300/lb. However, enormous cosi
differentialg, ra Jing from $i1 to 3$1,4004b, havo
been reportec {13].

£113 Pectantial Annileable Situations

This method of extraction has not been demcnstrated
in the fieid for cleaning soil or mill taiings. Labaratory
tBsting is needed to wdantify an applicable. siuation.
Since many of the soii cleaning techniques use water
as part of their process, this method can ba used as
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pretreatment. Fresencs of suliate 1 th

decrsase the amount of radium that be extracted.
5.31.3 Advantages and Disadvantages

Advantages - The main advantages of using water
are that it is very inexpensive, completely nontoxic,
uses amient temperaiures, and uilizes simpie
axtraction vessels. The technique can ba used to
dissolve some radionuclide saits. It can be used as a
pretreatmen techniqgue to reduce interference at
subsequent uxiractons,

Disadvantages - This method requires a large
quantity of water. The process 1s retatively ineflective
for removing radicactivity from sois; less than 10%
ramaval for radium and virtually none for thonum has
been demonstrated.

§.3.1.4 informaton Needs

Extraction with watar requires the follouing
informanon:

- Physigal,
charactenstcs of the soil.

-  Radwnucide corcentrauon for each particte
sizg fracton.

+  Amount of water avaiabte.
Water analyszs for total suspended soiids, pH.

iar Griass, Dacxgmunq rachation, eic,

rhaminai an
cnomigcal., ang

5.3.2 Extraction of Radionuciide from Soil and
Tailing with Inorganic Sants

5321

Radionuciide contaminants can be extracted by
thorcughly mixmg soil and miil talings in a soluton
contaning norgamc salt. The slurry 18 filtered,
separating the extragtant from the seolid. The
radiopuchde contaminan! is separatad from the
axtractant by ion axchange, copracipitation, or
membrane filtration [4]. No figid gemonstranon of soud
cleaning using this procass has yet been attempled:
all the resaarch work s0 far consists of laboratory
anpenments,

A review cf tha literature ndicates a broad range of
resuits with the yse of salt soluhons 1o remaove radium
ark! thonum from muill tadings and sols. In marny
casas the atfectivenass of a given sait appears to be
related o several obwvious vanables, suych as the
nature of the tailings of sod {Jeachemisivy,
radionuclide concentration, method of extraction,
parucie size distribution, and chermical compositon),
the concentration of the salt solution, temperature.
piH, sohd to hquid rato, bme, and temperature [3.
7.9,12,14-16}.

An increasing rato of sait solution to sohd, as with
water, piays a posdive role in the sffechveness of the
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tailings and sciis [3.5.8]. Multistage extraction
increases the effectiveness of the radium extraction
essantially by increasing the ratio of sotution to soiid
[4.5,15]. Cne study 12) reported as litte as 0.4
percent of radium removed from radium mill tailings
with 0.7 M sodium chionde (NaCi). On the oiher
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hand, another study [4] regorted 394 parcant rermnoval
with 3 3 M NaCl solution at room temperature in a
hree-stage process using 20 liters of solution per
kiiegram of tailings, and 3G percent with 1 M NaCl. In
another study 50 percent of the radium was removed
in a single-stage extracton with a 3 M NaCl solution
{5}. Using 3 M potassium chioride (KCl), 91 percent
of the radium-228 was removed in a two-stage
leaching process at room temperatura {186].

The extraction of thorium by sait solutions has
received ess attention than the extraction of radium,
Cne study {12] reported that. while 13 percent of the
radium was removed from uranmium mill tadings with a
0.1 M NaCl! sclution, only 0.02 percant of the thonum
was removed. In another expenment, no thonum was

ramoved hu ald M MaCl soiy tion, whila 82 nareant of
removs e pergant of

the fadlum was extracted. Howaver a, study ot
various inorganic phospghates [17] indicates that 60-
80 percent of both radium and therium can be
removed by sodium hexametaphosphate ((NaPQ3zls)
from a fine paracle fraction (-200 mesh) of wranium
i@iings inai were produced Dy ieaching wiin 2S04,
The study aiso indicated that salt intarferag wih the
removal of urdmum during the H2SQ4 -extracton
process. Other phosphate saits (orthoghosphats,
pyrophosphate, tripolypnosphate) were not #Hectve in
axtracting thonum fram the tadings. ;

The ability of the salt to extract radiurn or thorium is
pnmanty reflacted in the solubility of the compound or
compiax that it forms with radium and thonum. The
presance of suitate in soil greatly affects the ability of
the norganic salts to extract radium, since the radiurn
sultate that 15 formed 18 the Jeast soluble radium
compound encountersd in mill talings. Hydroxide is
the analagous anion in thonum chemrstry since
thorium hydroxide is the laast soluble thorium

compound encountered. It is reportad in ona study of
uramum  mill ?aahﬂﬂﬂ l"" that the raduun-lnnrhnng
power of saveral anions dacreasas as follows: CI° >
NOy > HCOy > MO4 > P04 1t was aiso
found that wastung to remove soiuble suifates before
radium leaching heips dissoive the radium.

The eflectiveness of aluminum saits in dissoiving
racdium and tharium is minimal, probably as a resuit of
the hydroiysis of the caton, producing a gelatnous
precipitate that retains radium By adsorption. This is
parucularly important snce many soils and talings
comtain aluminum and simiar ¢ations, The barium
cation aiso was found to be lass effective than
sodium in solybiliizing radium, supporting the
hypothesis that an nscluble barum racium suitate

o



{Ba(R3)S04) sait is a mawr form of radium in most
mili tailings. [5]

The barum cation wouid be expected o be effective
in releasing radium bound by adsorption o particies
contaning matal hudrnmdﬂ: siicas. and clavs Biet

ineffective in solubmzmg ihe Ba(Fta)SCh.

The effectiveness of cations of various salts in
releasmg ragium decreases in the fouowmg order (3}
Cs*>Ca*?> Mn*2> NHg"™ > K* > Na™ > L+,

5.3.22 Potential Apglicabia Situations

Ingrganic sait extraction has rot undergone field
demonstration for cleaning radiologically contammnated
sites. Laboratory or piot plant testing wil be needed
to dentify apphcable situauons. The presence of
sulfates in the sol will greatly atfect radwum removal,
as suifatas wil form radwm sulfate, the least soluble
radium compound. Tha presence of hydroxide i soits
and tailing will similarly atfeet thonum removal. The
use of salts interferes with the removal of uramum by
sulfunc acid. This process should not be usad as
pretreatment !o an acid extrachon procass.

£323 Advantages and Disadvantages
Advantages - A high parcantage of racdium and

thonum may be rsmowed Processes may cperatg at
ambient temperaturas. Most salls are relatively
innocucus. Simpla extracton vesseis are required.

Recycling of saits may ba possibla.

Disadvantages - largs amounts of salls may Dbe

requred with large solution-to-solid ratos. Some
saits, sucr as chlonde, may ba enwiranmentaily
undesirable.

5224 [(nformation Neads

For extraction by sait solution, the

informaton s raquired.

following

- Physical, chemucal. and minaralogicai
charactensncs of the soil.

- Amount of water availabie.

- Water anatysis for total suspanded sclids, pH,

hardness.

Background radiation, etc.
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533 Extraction of Radionuciide irom 5oil and
Tailings with Mineral Acids
5.3.3.1 Oescription and Davelopment Status

Historically, radium has been extractad lrom carnotite

Arns ygral aomids - HAQn‘ hudrﬂf‘hlﬂﬂf‘ acd

ores with mueral

(HCNH, or mtne acid tHNO:;) [18.19] Undef favorable
condions, up to 97 percent of the radwum was
removed. Thonum ores are extracted industnally with

30

{among ather reagents) fuming M504 or HINO3 (201,
Uranium is also extracted from mineral ores by acid
leaching [21].

Suifuric acid, rather than hydrochioric or mtne acid, s
commoniy utlized for leaching in uranium extracton
due to its less corrosive natura and lower costs.

in all these processes the ores are ground to 28
mesh and mixed with water o form a sturry. The
slurry s pumped into a leach circuit, mantainng a

pulp consistency of 50 percent solids. Tha solids are

separated from the leach liquid by physicat methods.
The radionuclidas are removed from the leach
soiution by ion exchangs, solvent extraction, or
prec:pitatun [21).

it appears from a survay Of receni reponis on e
axtraction of radium and thonum that these metals
are roadily extracted by several mineral acids from
soils and soil components {3.5.7.22]. ores. and ore
taings [8.9.14,15,23-28]. Although fuming Hz504 18
usad in industnal processas for tha removal of
thonum from cores. as soiubie thonum sultate
Th(S04)2) {20}, cne wouid not axpect tha acid 1o be
usaful for the extraction of radium, considenng the
insolubility of radium suitate (RaSQO4). However,
RaSQ4 is somawhat scluble in concentrated HySO4
129}, and several studies have indicated that the hot
acid will remove between 70-80 percent of the
tadium and B80-30 percent of tha thorum from
uranium mil taings [24,28]. A recent study {25}
demonstrated that between 15-40 percent radium

can be removed from uranium ores by dilute HSO4
N a countsrourrant process at 72°C. in tha orasancea

of oxichzing agents; apprcxumataly 86 percent of the
thonum was removed.

Nitric acid hag proved toc be very afficient in the
gxtrachon of radium and thorum {9.26.30]. Generally,
e best resulis willi ores and o &lings havs besh
achiaved with approximately 3 M HNO3 soluton at
temperatures between 70* and 80°C tor about 5
hours in two- Or throa-stage processes with
liquid-to-soird ratios of 2:1 to 4:1. For example, 97
percant radium and 99 percent thonum were removed
from Jranium ore or ore talings (H25304 or carbonate
leached) with 3 M HMNOg at 70°C in a two-stage
process. with 3 reaction twna of 5 hours [26]. Over 99
percent of the uraniumn was aiso removed trom the
ores. The resuiing Ra-226 lavel was as low as 17
pCig, and the thonum level was 7 pCilg [26]; the
talings before ninc acid extrachon contained 716
pCilg Ra-7226 and 88 pCig Th-230, respectively.

Similar resuits were achiaved using MNQOq with cres,
slimas, sohds, and sand tathngs {9], with 89 percamt
ramaval of radium in & one-stage process with &
percent solid loading. A six-stage, batch
crosscurrent procass [31] removed 98 parcent of the
radum from ores and tadngs with a final Ra-226




level of 10 pCig. Remarkably simiar results have
nean obtained with HC! solutons [9.8.23.25]. Like
HNQ+ extractions, the best results occur with 1510 3
M HC! at about 70°- B5°C with muitipie extractons.
Ningry-three percent of radium {< 28 pCig) ang 88
purcent of thonum removal was achieved it 2 four-
$age, CoUNBCLITEN! LrOCASS n the grasence of
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other axidants [25].

More than 85 percant of the radium was removed
with 3 M HMGI at 85°C in one hour with a liqud-solid
rato of 4:1 (9] and 92 percent radium-2285 was
removed with 1.5 M HCl at 80°C in a threo-siage
laacmng procass with a 4:1 soiid to jiqud rato [23].
Depending on the size of the sod partcies and the
nature of the sail, 27% to 100% of Ra-228
axtracton has been demonstrated i the laboratory
from sad contaminated with radgium mul tadings using
Q.1 M HCL

Combiming diiute acids with inorganic saits has
produced leaching sclutions that achieve rasults
simiiar 'o those of the morae-concentrated acid
solutions {9,14,15,27]. Mixed NaCl and HC! solutions
weore ysed to axtract radium from mill talings [S.14].
In a three-stage process (30 mmute stage) 94
parcent of radium was removed with 0.3 M NaCl n
0.1 M HCl at 25°C [14]. Calcium chionde (CaClz) n
HC! has produced very good rasults even at roorn
tamnarature. Remaoval of 398 parcant of tha uranwm.
97 percent of the radium. and 75 percent of the
thorum with 0.045 M CaClz in 0.125 M HCJ at room
temperature N a two-stage leaching process has
been roported [27]. A 91 percent removal of Ra-226
and 79 percent remcval of Th-230 were obtaned

from talings with 1 M CaCla m 0.1 M HC! at 21°C

and a 2:1 liquid-tc-solid ratio with 30 mnutes
contact time.

An acidic environrent would be expected to have a -

positve influence on the release of calions such as
radium and thorum from sols and iaiings iHai have
the potential to bind metal ions. This i3 especially
mporiant 10 determiming the extracting power of
vanous acid solutions on gres and takings, since most
ot thase matenals contan scl particles with a large
amaount of amorphous silica {up to 90 percent) and
hydrated matal oxides such as alummum and wron
oxides.

Adsorpion on surfaces of amcrohous siHica or
hydrated metal oxdes is strongly affected by the
acudity of tha anwronment [2.3]. The surface charge
ot sdica is positve at pH <1, is zero between pH 1
and 3, and becomas prograssively more negqatve

above pht 3 [2].
Hydrated metal oxxies that have aged will not reacily

dissolve in acid solutons, bul an increase in acyd
concantraton will diminish the number of cude sites
available tor binding {3), thus snhancing the

1

dissolution of radgium and thorium. Natural organic
acids. such as humic and fulwic acids found in soIs,
tand o decrease theiwr binding capacity thus
increasing the dissolution of radium and thornum.
increasad concantrarons of HNGCg and HCl also will
pramote the dissolution of Ba(Ra)S04. With
increased concentraton, the salt disscives in water
with the formation of barium hydroxide (Ba{OH)z), a
stightly sotuble base, and the more soluble radium
nydroxide (Ra(OHz), which are convertad by the
acids to mors soiuble saits, banum chionide (BaCla)
or parium mitrate {Ba(NOaj)2) and radium chionde
{RaClz) or rachum mitrate (HaiNQala} {26].

[l= 1

53.3.2 Potential Appticable Situations

Minaral acid extraction techniques ara being
developed and have been used to extract radium,
thorurm, and uranium from mineral orss. improvemant
13 these acid extraction processes has been
dernonstrated in the laboratary, These demonstrations
show that the acid eatraction processes can remove
most of the metais. bath radicactive and
nonradioactive, and therefore may be agplicable for
cleaning radinlogically contaminated sites.

53.3.3 Advantages and Disadvantages

Advantages - An advantage of extractcn with acids is
that a high parcentage of radium and thormum removal
is possible. Uranum and other metals would aiso be
ramoved. Thesa processes require relatively small
quid-to-solid ratios compared o axtracton with
water or norganic salts. thus requiring less pumping
power and smaller holding and reaction vessais.
Coste ¢an ba reducsed if the acids are racycled.

Disadvantages -~ The main disadvantage of this
process would likely ba the increased operatng and
capital costs due o expensive reagents, highar
operating lemperatures, and tne stamiess steel
reaciion vessels and pipss needsd bscause of the
corrosiveness of acid. A multistage process 1S
neaded, which adds to the costs. A major
disadvantage of these techmgues is that the amons,
such as NQOy or CI°, are anvironmantaily
undsasirabla. The resuiting chermically leached matenal
may craate a waste stream that 1$ more harmiui than
the onginal taiing munture.

£3.24 Information Neads

Tha analyses and requirements listed bLelow are
required in iImpiemantng traatmant procedures.

« Physical, chemical, and mineralogical
characteristics ot the sod.

- PRadionuclide concentraton in each parucie
mze lraction,

- Amount of water avaiable.




Water analysis for total suspanded solids, pH,
hardness, background radiaton, etc.

534  Extraclion of Radionuciides from Soil
and Tailings with Complexing Agerts
53.4.1 Dascription and Davelopment Status

This process differs from acid extraction in that
complexing agents lka EDTA (ethylenediamine-
tatraacenc acid) are used instead of mineral acids,

Radium forms stabie compiexas with many organic
ligands (a molacule or anion that can bind to a metal
ion to forrn a compiex). For that reason, several
compiexing agents have been investigated as
potental candidates for extracton of radium from
uranium mill tadings [3.9,31-34] and, in one case,
from soils [35]. Thorum s not likely to be removed
by complexation.

Several successfui radium extraction tests with
compiaxing agents have been reparted. Up to 92
parcent (to 40 pCifg) of radium content was ramoved
from mill tailings using 0.15 M Nay EDTA at 60°C, prt
10, and a liquid-to-sohd ratto of about 777 in a
three-stage process (23]. Alter collecting the Ra as
Ba(Ra}S04, the EDTA was recovered ior reuse by
lowermg the pH. Another study [33} removed 30-85

Aosmant Af tha Do w2 N4 M :n'l’ﬁ snlutine a2 nhl
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10, 23°*C, and a liquid-to-sofid rate of 2:1. A pre-
wash with water (25 i:kg) removed caicium sulfais
{CaS04), which tends to interfere with the extraction.
Using 6.85% sodwm diathylanatnaminepentaacetc
acid complax (Nas OTPA), another study ([34]
reparted removing up (o 85 percemt of the radwm,
The crosscurrent or countercurrent process usad in
this study cbtained maximum yweids after 2 hours at
20°-25°C with a liquid-to-solid ratio of about 3:1.

A recent study {32] described a reducing-
compiexing trea:ment for the leaching of radium from
uranium mill talings. A reducing agent, sodium
hydrosuifita (Na25204). is added in order to reduce
Fa*? and simiar canons. Using 0.04 M Nap EDTA,
0.04 M NazS204 and t M KCi (to mask the
adsorotion sites on silica) for t hour at pH 10 with a
liquid-to-sclig ratta of 10:1, 87 percent of the
radium was removed, laaving 44 pCig in the rasidue.

Aadopting a procadure of kesping the hquid-to-solkd
ratio ininaily high and siowly adding the tailings 1o the

laash galution had a masar affert an radium

extraction, reducing the residue from 44 to 31 pCiig
radium. A companson with several otier complexing
agents using 0.1 M solutions of the agents under the
same conditions wae made: Citrate removed 67
percant to 120 pCi¥g, and nurdotnacet:c acd (NTA)
removed B85 percent o 48 pCi¥g. Nota that thsse
solutrons are 2.5 imas more concantratad than the

Nag EDTA soiuton {0.04 M). This study aiso raportad

the recovery of 92 percent of the Nasy EDTA by
bringing the lsach solution to pH 1.8.

Most of the studies of radium extraction with
complexing agents have been with EDTA. Radium
extraction during leaching is improved by keeping the

rarkivm concantrat wn low in o cnlotion n:mmnl:rﬁu
rRGIUMm ConCer sQiehan, pamol

in order to stift the equilibrium recrasentng !hs
dissciution of Ba(Ra)S04 (3].

One wonid expect thorium extraction o te assisted
by complexing with EDTA or another suitable
compiexing agent. Leactung of radium wih EDTA is
generally perfarmed at pH 8 and 10. Unfortunately,
above pH 3 thonum forms a very insoluble hydroxde
whose formation competas with the formation of the
thorum EDTA complex. Thus, at 3 pH where tha
formation of an EDTA compiex with thorum wouid be
favored, the thonum canon s not available for
compisxation.

Other cations found in sois and taiings. such as
Fa*? ang Ti*% behave in a simdar fashicn and
compate with Ra*? dissoiution by forming insoluble
hydroxides that adsorb the cation. Studies [3] have
determinaed that the result of thess competing
equiibna will pravent the dissolution of radium with
EDTA. Bul with the appropriate reducing agent,

i*4, and similar cations will be reduced to

Inmnr ouidatinn statae that tand tn form more solubla
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hydroxices.

The radium EDTA compiex lormation will then
competa favorably with hydroxide formaton, causing
the hydroxides !0 be soiubilized. releasing radium
adsorbed on thase materiais [2.3]. Thonum cations
are not raduced to lower oxidation states,
sybsaquently forming maore soluble hydroxigas.
Therefore, radium extrachon would be assisted by
prior axtraction of thorum.

5.31.4.2 Potantlai Applicabie Situations

This method of extraction has nat been lieid
demonstrated for radiologicaily contammated sois and
tailings. Laboratory expenments show that radium
forms stable complexes with EDTA. suggesting its
potantal for application in cleaning radium from sous
and taings with low concentranons of thonum. Sods
and taings with mgh concentratons of thonum may
requireé prior axtraction of thonum before using (s
technique to extract radium.

5.3.43 Advantagas and Disadvantages

Advantages - Cne of the main advantages of
axtraction of radionuchdes with a complexing agent
wouid be the Jxpected high percentage of radwm
reamoval. Low reagent concentralions are reQuired,
and the reagent can be recycled, thus reducing
operating costs. The process works at ambiant




temparatures, and many of the reagents afe
innocucus. Therafore, expensive materials such as
stainless steel for vessels and piping would not be
needed.

Disadvantages - Complexing reagents are very
axpensive. This process wouid not remove thorium,
therefore, other processes might be required to
remove thonum prior to the removal of radium by
complaxing agents. A muitiple-stage process is
probably required, adcing to the capial and operating

coet

8.34.4 information Needy

Tha following infgrmation is required prior to
exiraction with comglexing agents.

- Physicat, chemical, and mineralogicai
charactenstics of the soil.

- Radionuclide concentraton in each particio
size fraction.

- Amount af watar available.

- Water analysis for totat suspended salids, pH,
hardness, total dissoived solids, background
raciation, atc.

535 Technoiogies for Sopuatmg
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The previous secticn discussed the leaching and
extracbon tecnnciogies that produce a pregnant liquor
containing e radionuclidas.

Racium and thorum axtractad from soils and miil
talngs wil be in solution with many cther moilecular
and iomc compounds. Some of the ions may be
simpie, wivie others wiill be complex, depending upon
the nature cf the sampia to be extracted and the
lsaching solution(s). Other molecular substances and

mbrsmad mull msmismbnli, B asassms mm  amiladas -3
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other fractions will be in suspension and will separate
upon setting or filtenng.

The support technologies utilized in treating the
extractant to remove the radioruclides for disposal
are:

precipitation and coprecipitation
solvent axtracton

ion exchange

mumbrana filtration

R S T

The; first twes technologies are chemical methods
and are discussed :n this chapter. The last.
membrane hitranon, 18 a physical segaration method
and 13 discussed in Chapter 6.

3

£3.5.1 Dascription and Deveiopment Status

Precipitation and Coprecipitanon - By addition of
chemicais the radionuciidas can be precipitated.
Several stages of precipitaton at controtled pH are
used. The pM is readjusiad in the precipitation iank
near the end of the circuit. The slurry from the
precipitation tank 1§ dewalared in thickeners and
followed by filtration (see Chapter 8 for description af
dewatering tachnologias). The fiiter caka, contaning
the concentrated radionuciide. is then ready for
disposal, Precipitation, however, produces preogducts
with impurities. This may not be a problem on
clearming soils and tailings. However, in extraction of
uraniurmn from core, solvent extraction or ion exchangs
is used befare precipitation ¢ obtain a purer product.
Radium iorms a vafry nsoiubie sait wih suifung acid.
Sulfunic acid is commonly usad o form a precipitate
of RaS04. but sodium sulfate {NazSQy' is also used
(29]. Thorium may be precipitated as a highiy
insolubie, gelatinous hydroxide vath atkall or
ammonium hydroxida [1]. Thorium is also precipiated
by scdium oxalate/oxalic acid soiutions st a pH of 1.2
from acid solutions [36]. The concantration of ragdium
and thorium cations in the extractant from sod andg
mill tailings may be low senough that a direct
precipraton procass woulkd not be approprate to the
collaction of these radionuclides. Radium and thonum
may be coprecipitated by the addition of a simpie
precipitating agent such as H2804.

Small quantitias of radium cations can be
copracipitated from solution with many diftarant
camer compounds (29,371,

The use ot the classical radium carrier, BaS04, to
precipitata radium from leacht solutions has been
reported by several investgators [4,23,31,32,38.39].
A review [38] of other natural orgamic carriars (such
a3 lanwan and gelaiing repored hal ihese camers
removed S0 to 100 percent of the radium in
coprecipitation processes. in a study (4] it was foung
that BaSQ4 s shghtly soluble in a3 MNQ; leach
solution (0.07 g1 in 3 M HMNO4); howaver, 35 10 100
parcant of radium may be coprecipitated fram nmitnc
acid ieach soiutons using very dilute (<10 mM)
BaCly soiutiong in the presencs of suifate ions {4,31].
The use of 3 siica-bed fiter 10 ramove Ba(RaiSQ4
has also been suggested for the removal of radium
from yrarmum mill tadings [32].

Thonum copracipitates with a wide vaniety of insoluble
hydroxides such as iron, zirconium, and lanthanum as
well as zrconum iodate or phospnata from acid
soiutions [20]. Caicium fluoride and caicium oxalate
are also used as coprecipitarts [38], One study [40]
reportad that 69 to 100 percant of tha thorum
coprecipitates with B8aS304 sciution; lower
concontrations of thonum {<0.09 mM) removed lhe
iargest amount of the caton. Another study [39] used




an oxaiate to remove thorium from a 3.6 M HNO;
leach solution. The oxalate is very insaiuble n HNO3,
no radium was carned by the coprecipitate. Using 20
percent NaOH, more than 36 percent of the thonum
was coprecipitated in the presence of Fe at a pH of
4.2 as femc hydraxide {Fe(OH)3) [38].

Uranium is precipitated from solution by addinon of
sodwm hydroxide, gasecus ammonia, hydrogen
peraxide, of magresia. Preciptation using sodium
hydraxige, sulfuric acid. and gasegus aminonta
produces purer uranium with litde sogum.

For a piant processing 10.000 tons of uranium gre per
manth, the typical capital and operaung cost of
precimtation circuts are astimated to be $750.000
and S0.50 per ton of ore processed. respectively.
{41,42,47). These costs arae in 1985 dollars. Thesa
costs are for uranium ore processing and are not
intendad 10 be applicab’s (¢ any parncular site,

Soivent Extrachon - Solvent extraction is an efficient
maihod iof separating uranium on & commasraal scale
[42]. There are no commercial solvent axtraction
processes to extract radium or thenum. The scivent
extraction, as applied to uranium extraction plants,
consists of a twe-ctep process. In tha first step,
termad “extraction.” the dissolved uranium is
into the orgamc or solvent phase. The second step,
called “stripping,* recovers the purified and
concentrated uranium product into a secnnd aqueous
phase after which tha barren organic is racycied back
o the extraction step. The agueous and organic
solutions Row continuougly and countercurrently to
aach other through the required number of contacting
stages in the extracthon and sinpping poruans of the
circuit. The uranium is recovered from the second
agueous solution by precipitation. :

The extraction of metal from the aqueous solution and
its eventual transfer to another agueous solution (the
strip liquid) invoives the usa of various reagents
(extractants. diluents, and modifiers} and requires a
suitable vessel o bring about mtimate contacts
batwaen the ditfarsnt iquids, The axtractants are the
reagents in the soivent that extract the metal ions.
Extractants that are used i recovery of uramum from
acid leach salutions are alkylphosphoric acid, amines,
tri-n-butyl phosphate (TBF) and trioctyl phosphine
oxxie (TQPQ),

The diluents comprise the bulk of solvent and are
inert ingredients whose pnncipal function is 10 act as
carner for the relatively small amount of extractant.
Karosens is the most commonly usad diiuent,
aithough other organics such as fuel od, toluena, and
paraffins are aiso used. The most commonly used
modifiers for increasing the sciubdity of the extracted

species are Jong chain alcohols such as isodecanol
[41.42].

Radium compounds have very low solubilitias in
organic soivamts [43]. In most extrachon procedures
for separating radium from other slerments, those
olher elements are usuaily extracted into the organic
phasa {28]. For axampie. lhe use of 2-thenoyl-
triftuaroacetona (TTA) aor inbutylphosphate (TBP) has
been succaessiul in the separation of radium from
other slements. However, a mixture of TTA ang TEP
in carpan tetrachionde {CCl4) Nas bDeen used (0
axtract radium for quanttatve analysis [29]. Radium
tetraphenylborate has been removed by nitrobenzene
from an alkaline solution, and soivtions of 8-
hydroquinoline {HOQ) and some of its denvatives will
also remove radium from an alkaline solution
{43.44.45]. This extracton charactenstc may be
signiticant in the separation of radium from thonum in
leach soiutons. There is no reported use of these
solvent systams for tha removal of radium from soils,
ores, or il talings.

Organic solvents are used axtensively for the
axtracton of thorium from ore and mil tailings Jeach
solutions [31,36.38.39] and for the exiraction of the
cations in analytical procedures [20,43,29). Generally,
these procadures take advantage of the solubiiity ot
ingrganic complexes such as thorum chiondes,
tharium nitrates, or thorium sulfatas in organic
solvents. Thonum suifates are forred during leaching
of the are with H2SOa and thonurn nitratas. and
thonum chiondes are produced by the HNQOj or MO
digsolution, respectively, of precipitated thorum
hydroxide. The most commaon orgamc 5oivent used in
these extrachons is TBP. For example, a 30 percent
TBP in kerosene was used in the extracton of
thonum from the H2S04 [38] liquor. in another study
(39} 30 percent TBP m normal-hexane was used.
Shll another study [31] usad 30 percent TBP in
normal- dodecane for HNOa solutions of thonum
fram leach solutons. A raview of the extraction of
thonum {J6] listed over two dozen organic soivent
systems involving T8P, other organophosphates, and
vanous aminas, whhch are applied to remove thonum
and activdes fram leaching acids such as HaSO4,
HCI, ang MBr.

Primary amines and straight-chain sacondary
amines have also been used to extract thonurn in the
processes tor the recovery of uranwm and thorum

Aftar tha axtraction of vranmum with

frsacmn Aras
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triisooctylamine, thonum is removed with 5 percent
sas-godecyl ar 5 percant di{tridecyl)aming in
kerosene.

For processing of uramum ore at 2 rate of 10.000
tons of ore pes monitt, the typical capital and
cperating costs for a soivent extraction Circuit were
sstmated as one million dollars and $1.00%on of ore
processed, respechvely [42,47]. These costs 27e in




1985 doliars. Thaesa costs are based on uranium gre
procassing and are not intended to be applicabie to
any particuiar site,

lon Exchange - Leaching used in extraction of
uranium and other munerals s a nonselectve process
resuiting in the dissoiution of alements in acddition to
the desired consthtuents. !on axchange s One process
used for concentrating the desired constituents from
ihe leached soiutions. The resin ion exchange
technigue invoives the interchange of ions between
the aguecus solution and a sghd resn, Thie provides
for a highiy selectve and quantiativa metnod for
recovery of uranum and radium. The process of
ramaving dissolved ions from solution by an ion
axchange resin 1S usually termed adsomption in the
yranium industry {4,21,42,46,47].

Thera are several resins available for extraction of
both ragium and uraniurn. For yrarium extraction by
ion exchangers, strong and intermediate base aniomc
resins are loaded from either sulluric acid or a
carponate leach feed solution. The loaded resin ig
stnpped with 2 chioride, nitrate, Dicardonaie. or an
ammomum suifate-sulfuric acid solution tQ remove
the captured uranwum. Thesa resing ara sarmingid gels
prapared as sphancal beads. Radium can be
axtracted Dy using synthetc zeclitas.

The total amount of yramumn that may be adsorbed is
a function of the quantty of anionic complex in
solution. Two 10 five pounds ot U1Ca can be captured
for each cubic foot of rasin. Higher capaciy is not

possible becausa of compention for ion sites in the
rasin Dy ather anionae nrasam,
The cther amnns presant :n the acid rcohtion that
ompets with yramum for resin sites inciude HSOW,
C04™*, and vanous impurities that dissolve along with
me uranium during leaching. Tha axtant to which one
of these anions sousorbs on the resa i3 influancsd by‘
its cancentration in solution reiative to other ions, pH,
and by the relauve affinity of the rasin for the anicn,

Removal of the uranium from the saturated resin is
termed eiution. 18 customary to reler to the clutng
solution as ihe aluant and to the final afftuent as the
etyate. Chioride eiutgn is bast accompiished in acid
circuits with concentratons of from 0.5 to 1.5 M CI".
Nitrats eiybon can aiso be used at a | M NOy
content.

The ion exchange process is, in most plants, a
semicontinuous sares of operations integratng the
adscrption and eiution steps with various stages of
washing, resin regeneraton, elc.,

Theea are thraa typas of ion exchange systems: fixed
bed. moving bed, and resin-in-puip.

For a fixed bed ion exchangs system, cylindrical
prassura vassels with dished ends are usually
constructad of steei and fined with rubber for
corrosion resistance. The resin bed rests upon a bed
of crushed and sized rock, which 1s in turn supported
either by a fiat rubber-covered steel false bottom or
the dished bottom cf the column.

For 3 moving bed ion exchange system, the resin is
transferred to separate columns for adsarption,
backwashing, and eiution. This procedure has been
performed i six Canadian plants. ona U.8.
processing plant, and two ULS. mine water recovery
ptants. The major piant installations utilize ten
columns par sat, with two groups of thres on
agsorption. one group of thres on elution, and one
special coiumn for transfer and backwashinc. This
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soiution and efuate sociubon due to improper
operation.

The moving bed processing cycle does not vary
significantly from that in the fixed bed plants, except
that either two Or hree columns are CoONtNUOUSiy on
adsarption without interruption, and elution is
cenducted with threa columns 10 sanes.

For a bhasket resin-in-pulp ion exchange system,
the resin is c¢ontained n cube-shaped baskets
formed of stainless steel and coverad with either
stainless stesl or plastc screen cloth.

The baskets are moved up and down at a rate of
beatween six and twelve strokes per minute in
ractangular shaped tanks contairung flowng slure, ar
eluting soiuton. The basket movement consolidates
the resin bed dunng an up stroke, thereby squeezing
out residual solution, and expands (he bed for free
solytion access during the down stroke. From six to
aight stages are employed in adsorption and from

Amnm  te fraiedeacary  ien Aliitimem st meara stameas
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required when sulfuric acid ia usad for elution.

Some of the new cevelopments in ion axchange
squipmant ara:

- Porer and Stanion contactor. Resin passes
downward and soiution Hows upward,

- Higgins contactor. A single cowmn divided
nto two sactions Dy rotatng vaives.

+ Jigged bed ion exchange, Uses jigged achon

n he rasin o causa maora dansa uranium
Ipaded resin. Depanment ni Deiensa 1s
invastiganng tha use of the equipment to
clean a missiie site in New Jersey.

«  Winchester Fixad Bed. Puip flow is introduced
through an asculating distnbutor,




- Bureau of Mines ian exchange. Divides the
adsorption column into compartments
separated by ontica plates.

Based on an N exchangs Sysiemn with & capacily of
200 tons per day, the typical capital cost estimates
range batween $300,000 and $1.000,000. The
operating cost estmates for that tonnage capacity
range batween $1 and $3 per ton of soii processed.
[42.47] These costs are for processing of uranium
are ana ara not applicabie to any partcular site.

£3.5.2 Potental Applicabie Situations
Precipitation and Coprecipitation - Pregipitation and
coprecipitation have been used in some extraction
schames to separate uranium from the leach liquor.
All currently operated uranium extraciion plants, with
the exception of a few using a carbonate leaching
circuit, employ precipitation {0 recover the uranium
from the solvent extraction stripping liquor or from the
ion axchange aluate. Pracipitation could ba usad
directly to axtract the radicnuciide from the water and
inorganic salt extraction pregnant liquor.

Soivent Extraction - Solvent extraction is the
prefarred tachnology for axtract."ng yraniumn from acid
isach figuor circuils, However, it has ol orovsd
feasible to apply scivent extraction to carbonate leach
liquors or o slumes contaning apprectablo amounts
of solids {42). :
lon Exchange - The use of icn a:i:changa has been
documented m 3 number of appm:anons. Thesa
inciude:

+ Decontamination of uranium mil processing
water and water pumped from the mine. lon
axchange also has been used o remove
radium from uranium mill talings [47].

- The Mining Science lLaboratory in Canada
has demonstrated ion exchange extraction as
a means of cleanming the ileach liquor from
tadings for uranium, thorium, and radium [48).

+  Extrachon of uranium in saverat plants in the
U. S. [#2]. :

- An akaline leaching procass in which ion
axchangae is used to axtract the impuntes and
produce a high grade liquor for precis.iabon
ana recavery of uramum [21].

5153 Advantages and Disadvantages

Advantages - Precipitation and coprecipitation arg
used extensively in uranium recovery operations.
They can be operated in both bateh and continuous
operation mode, and invoive 0w capiial cost.

Since soivent extraction technology nvolves only
hquid-iquid contacts, it is readiy adaptabie (o other
systems and can be performad as a continuous
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operation. Scivent axtraction is aiso readily adaptable
to effictant and economical automatic c¢ontinuous
operation. Other advantages of solvent extraction are
better selectwity and greater versatiity than ion
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- |3U

lon exchange is an exceilent and economic method
for removing very fine radiosctive contarmnants from
liquids. In the absence =t ion excharnge equipment,
more expansive uitrafiltration or solvent extraction
techniques are used. ion axchange is iass sensiove 0
the volume or grade of liquor than the solvent
extraction techmques. lon exchange has been
extensively used n cleaning radicactive contaminants
from nuclear power plant water streams, providing a
valuable datapase for the deveiopment of ion
axchange equipment to clean contaminatad soils.

Disadvantages - Precipitation and coprecipitation
invoive a ditficult, cumbersoma, and costly operation
requinng complex charmical separaton. Close control
of operating conditions is required. Tha pH must be
monitored and controlled to have better product
recovery, Tha pracipitation procedure 1s not adaptable
o automatic control, and mast plants currently
operate on manual.

Pl mmen  Ainsshacrtases of Amluarnt ot orbun s [ -1
ing Mmain Jisadvamage O SGiWWant sRiTaluln T N3t

the feed solution must be assentaily iree of solids, ™
has not proved economicaily isasibie to apply solvent
axtraction 1o carbonate leach liquors. Emuision
formation in sclvent circuits causes trouble. The smail
loss of soivent to talings is not only costly, but may
be a sourca of stream poiiution. Scivent reagents are
also very costly. The solvent extraction process is
mare sensitive o the volume and grade of liquor than
ihe on exchange procass. Maiybdenumn is strongly
extracied by amines and buids up in the amine,
acting as poison.

n using ion exchange, impurities in the liquor can
overioad e ion axchange resins. Trace metais such
as molybdenum, vanadium, radium, and suifate in the
leached liquor can poison the rasin, reducing its life

5354 Information Needa
The analysas listed below must be considerad in

preparng to implement pracipitation, soivent
axtraction, and ron exchange procedures.

-  Chemical composition and tracs ion analysis
of the leach liquor.

- Solid contant and piM of the liquor.

+  Trace element content

5.4 Typicat Costs of Chemical Extraction
Technologies

it 18 estimated that the typxcal cost for chermcal
axtraction wouid range from $50-150 per ton of soi,




assuming that the waste is in a form sutable for the
use of these technologies. Transportation and
disposal costs for the concenvated and “ciean”

" fractions are not inclyded in the above figure.

Because of lack of process dara, the costs of some
of the chemical extraction technologies are based on
profitablae ora processing techniques and act on the
costs of remowing enough radicactivity from the

Mnﬂm;nulnﬁ mgon.ngi 5] rnnrln.r it "ploan * Ae cllr-h
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thase costs couid be much hgher. Since mors
detailed process information 3 lacking, these ligures
reprasent an educated guess. These costs are not
ntended to be applicatle to any parmcular site.
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Chapter§
Physical Separation Processes

6.1 Purpose

Radioactive contaminants in soils and in uranum mil
talings may be assoctated wih fine soil particles [1-
3]. Saeparation c¢f the fine soil particies should
concentrate the radicactive contaminants in fine soil
fractions, and thus reduce the vclume of soil for
disposal, permithng more manageable soi disposal.

The physical separation techniques that can be
uttlized to separate oyt or concentrate radioactive
contammants within sous are discussed n this
chapter. These separation lechniques are aiso utilized
in tha pre- or post-treatment phases of chemical
extraction lreatrnent schemes. Physical saeparation
techniques are mechamcal metods for separatng

b s b bt am el T asl
mixcuras of solids 1o obtain a3 congentrated form of

the desired constituents. Chemical agents are added
in some cases !0 enhance tha separation process.
Methods for separanion by mechanucal rather than by
chamicai means are usually low in cost and troubie-
free. There are a variaty of physical separation
techniques, each with a particle size range; they are
shown in Tabie 11 along with the physical attributes
that govern the saparation processas {4-6]. In any
given process a combination of these physical
separation ‘echniques is empioyed to achieve the
required concentraton of the dasired constituents.

6.2 State of the Art

Most of the radium n uramum mill tailings occurs in
vary fine particies, or shmes. Corrowman and Brooks
used physical separabion techniques (o separate
taings into sand (coarse partcle) and shime [1).
Physical separation of the talings, which contained
rartium levels of 500 and 450 pCig. rasuited in
coarse particta frachons with 50 and 140 pCig
radium, respechvely.

Garnett at al. scrubbed plutcnium-contaminated soil
with wash soiution and then used physical separaton
techniques to separate the ciean sand [2]. Resuits
from a 'ew of the tasts showed that coarse particle
fractions of the soi can be cleaned to contarmnation
leveis of <1, 12, and 86 pCiig for soils contaminated
with 45, 284, and 7515 pCig of plutormum,
raspectively.

Proceding nane hia
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Traatment of Ellict Lake uranium miil tailings in
Canada showed that much of the radium. thorium,
and uranium can be removed using physical
saparation techniques {3]. The laboratory test at
CANMET and bench-scale testing at the Denison
Mill smpioying physical separation technigues
reduced the radium contamination lavels in taiings
from 290 and 268 pCig to S7 and 45 pCig,
raspectivaly.

Based on a literature review, the following physical
separation tachnoicgies show potental for cleaning
soils contaminated with radicactivity:

- screening, both dry and wet
- classification

- fotanon

- gravity concentratign

Sadimentation and filtration supplement thase
techrugques.

All the above physical separation procssses ars ussd
axtensively in uranum axtractien. Screeming, grawity
concentration, and flotaton comprisa part of the
physical separaton methods used in preparing the
uranium ore for extraction. The prepared cre 1s then
normally acid-leached, and the particles are
separatad using ciassification and ron axchange.
References 7-10 discuss the physical saparation
technigues used in many uramum processing
operatons. Shown in Figure 13 1s a process used to
clean plutomum-contarminated sod using physical
separation techniques. !n this process a vanety of
technologias, inctuding screening, classification,
sadimentaton, and filtraton are employed to separate
the sod mo different size fractions amd 10 separate
out the watar. Other procaesses used to decon-
taminate soil probably wouid inciude some
comhbination of thesa. :

The state of tha art physical saparation technoiogies
are shown in Tabie 12. As can be seen from this
table, aithough thase technologies have been field
demonstrated for radioactive maierial sxtraction from

oros, they have not been usad in remediating any

radiologically contaminated sites. Pilot ptant testing




Tabie 11, Physical Separation Technoiogy end Particie 3ize
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would be needed (o deterrmine thew capability for
radiciogicaily contaminated site clganup.

Selection of the physical separation technoiogy for
soil cleaning is dependent on tha proparties of the
contaminated soil and concentration of radionuciides
in aach parucle size fraction.

There are several other separation techniques used n
the mirung irdustry. which will ba descnbed bnetly but
not in delal because of ther limited appiicabiity for
removing radioactiva contaminants from soils and
tailings. These techruques include:

- heavy media saparation
+  magnetic separaton

- alectrostatic saparatian

Heavy media separauon technigues usa heavy liquids
of suitable cdensity (0 separate light ang heavy
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partictes {6.11,12]. Heavy media separanon is
possibig it the contamwant s in loosaly aggregated
coarse partcies. it the contaminant is linely
dissamnated throughout the scil, then this technique
wil nat work. Alsg, the heavy liquids used give off
toxic fumes.

Magnetic saparation (6.11-13] and electrostatic
saparation {6.11,12.14] exploit the dilferencs in
magnetc and conductive propertes betwesen the
radioactive contaminants and the soil to effect ihe
separation. As with heavy media separaticn, il the
contaminant ig tinely cissemmated throughout the
soil, these separaton techriques are not likely 1o
work.

83 T

This chapter discusses the phy%ical separation
tachnoiogies menuaned above. With the exception ot




Figure 12. Pilot-scale squipment test for soil decontamination. [Reprinted from [21.)
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dry screening, al technoiogies--screening, §.3.7 Screening
classificaren, flotation, and gravity concentration--
use substantial quantites of water as part of the 4.3.1.1 Description and Developmant Status

vocess. The final concentrate must be separated
trom the water before disposal. The separatad water
is normally punfied and recycled, thereby reducing
the walar usage. Tha solid/liquid separation
techniques, sadimentation and fitration, are aiso
discussed in this chapter.

In general, one hes to be concemad with dust control
for dry physical separation procassas and the
treatability of liquid wastes which are generated in wet
physacd saparanon processas. Thesa are important

[ P R BTy Y | R Y P
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technoiogy seiection.

Tabie 12. Staes of the Ant of Physical Saperstion Technologies
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on the basis of size. Such separaticns are achieved
using a uniformly perforated surface. Particies larger
than the screen openings are retained on the surface,
while smaller partbcies pass through. Matenai retaned
on the surface is the oversize or pius ( +) matenal;
that passing twough is the undersize or minus {-}
matarial; and matenal passing one surface but
retained on a subsequent surtace is ntermediate
material. Perfect separation is ssidom achieved.
There are always soma undersize particles left in the
oversize fraction. Nevertheiess, an aimost complote
separation can be achieved with the use of 3 siow
fead and a consequently long screening period [5-
8,11,15-17].
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Screening is normaily limrted to rnaterials larger than
250 microns, with fingr sizing obtainad by
classification. In addwon to size, there are many
factors affacting the passage <! the particle through
the screen, including screening oificiency, particie
shapeé, angle of agoroach, and panicis onentation 1o
the screen. The closer to the perpendicular the angie
of approach, the higher the chance cof passage.
Taggart gives soma probabiittas of passage related to
the parncle size [8).

Tha amount of moisture n the feed aiso atfects
screemng officiency. as does the presenca of clays
and other sucky matenais. Damp (eeds screen very
poorly as they tend to agglemerate and blind (plug)
the screen apertures. Screening must always be
performed on edher dry or wet matenal. but rnever on
damp matenal. For best screenng efficiency, wet
screemng is always supencr; Finer sizes can be
processed, adhering fines are washed off by large
particies. and 'he screen 1s cteaned by the flow of
pulp. There s no dust problem. Thera 5. however,
tha increasad cost of dewatenng and drying, and for
thus reascn dry screening is praferrad.

Particle size saeparation achievable by the basic
screan types s ilustrated in Figure 14, A common
procbiem with screens 15 the biinding of the screen
apsrturas with particies hal are just siighlly oversize.
The problem ncreasas as apenure 5i1Ze Jdecreasas,
and it can result in a significant reduction in capacrty.
Blinding can aoften be mimmizad by comect screen
moticn or by a suttabie surfaca matanal.

Probiems caused by small amounts of maisture can
be alleviated by using elactncally heated screen
cioths. Although ltus increases the capital cost of tha
screen, operating costs may decrease because of
longer curtace lita. Another apprcach is to use 3 gas
Hame undarneath and parallel 10 ‘he screen syrfaca.
With screens having anertures batween 0.5 and 5.0
mm. ball decks are sometimes empioyed for casas of
sgvare tlinding.

Screening equipment can be classitied as either
statonary or dynamic. Figure 18 shows the vanous

screen typas, and Tabie 13 descnbes them.

8.3.1.2 Potential Appiicabis Situations
Table 14 descnbes the typical situatons n which the

--------- eoamn maes ..omad Namelh. sasssss ses
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normaily used for saparating large pieces like stonas.
The siza of particies screenad on gnzziv screens can
range from 20 mm to 300 mm. . most applications a
grizzly is usad o saparate large particles, followed by
other screens for finer separation. Sweve bends can
be usad ior separation as iow 28 50 microns, since
these dovices Qive sharper separaton than can be
achieved by wet clagsitiers.

8.3.1.3 Advantages and Disadvantages

Advantages and disadvantages of the vanous screen
types are includad in Tabte 14,
Advaniages - Screens are an inexpensive method

separating coarse and fine particlas.

Disaovantages - Screans are subject o plugging,
thus decreasing their efficiancy. Fina screens are
vary fragile and clog easily with retained parucles.
Hgh througnput reduces pamicie dwell time on. the
screan and generaily produces a thick bed of
matenais through whicht ines must travel to reach thae
screan surface. This rasulls in decreased efficiency.
Screens are noisy, ang dry screening requires dust
control, To controi dust amissions. dust covers are
used. Most manufacturers can supply tully enclosed
scregening, which can be cornected to0 a dust
axtrachon systam,

6.2.1.4 Information Neegs

The information listed below must be gathered and
considered in salection of the scraens and
implementation of a screening process.

Particle size distribution of the feed.
- Radionuciide distnbution with particle size.
- Moisture content,
- Mineralogicai compesition.
- Dust control requirsment,
- Fhrougnput required.

6.2.2  Classification

8321 Description and Deveiopment Status

Classification is the sagaration of parncies according
to their satting rata in a fluid. Water 18 the fuid most
commonly used in minarai processing
{2.3,6.8,10,11,13,14,17-19].

Classiliers typically produce !wo streams-one
sontaming the laster sefting parucles catied sands
(underfow or oversize) and another contaming slow-

setthing partclas cailed shmeas or overtiow. o

Classifier types fal into hree Bas«c categonries: (1)
nonmecharical, {2} mechamca, and (3) hydraubce,
Functionally, mechamcal and nonmachamcal

il i wush missniins anm Adloas sl s Hos smssams ad
CIASSWIGTS aFfg JiTihas aiva Jinar Gimy i ag Moans O

sand removal. n hydrauiic types the character of
separanaon is different because of the hindered
sattiing nduced by the hydraulic water.

Tabie 15 illustrates different classifier configurations.
Mechanicai ciassifiers ara designated by M-S,
nonmechanical classitiars by N-3. and hydraulic
classitiers by M-F or N-F. All hydrauiic classifiers
are of the liudized-bed type; some ol them use

U TERER



Figure i&. TYDICSi SEpArRtion sizes oi (e DaNC KT

of John Wiley & Sons, Inc.)
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mechawcal means 0 remave sand. These are 0-0 Siphon 3izer 15 a single-compartimeni lype

wentfied as M-F in Table 13. The tabie ists ranges
of sutable operanng conditions for each classiher.

Rydrauic Classrier ~ Wih the hydraulic classiher,
water or air 1§ introducad SO that iis dwechon of flow
opposes that of the sefling pamcles. Tre swnplesi
form of a hydraubc separator 13 (e selihng-cone.
Soirdhiquid flows into the setting-cone hke 3 thud
being poured nto a tunnel. The heavy. soid-laden
flow axis tha bonom. and the haud Hows radially over
the lip of the cone.

The more complex hydraulic classiiers are the Jet
Sizer by Dorr-Chver and the SuparSorter by Dasster

Thess mullicompartiment,

P Y . T

Cancsntrator Cs.
muitiproduct clagsifiars operale on tha basis of
hindered seiting. Each compartment 18 served with
low-orassure hydrauh¢ water. The amount of
hydrauhc water 13 conirolled so that i each
succeeding compartment the coarsest parucles are
maintaned n Mindered-setthing condition, and iha
fingr fractions pass along.
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buiit by Dorr-Qliver. Sands are discharged by
siphons extending to the bottomy of the Mnoered-
sarming zone. A hydrostabcally actuated valve controls
tha siphon ftow. Discharge for an nterrmediate frachon
from the upper column can be cbitamned by additonal
siphons. Hydrauhc water Consumption s consiieratly
lower than required for muiticompartment Sizers.

Mechamcal Classifiers = In mechanicat clasaitiers, the
siow-sefting particles are camed away n 3 lqud
overflow, and the partcies with a higher satting
velocity are deposited on the bottumn of the aquipment
and dragged upwards aganst the flow of hqud by
some maechanicai means. Tha size and quaity of
separation dapands on feed rata, speed ol remaoval,
dagree of agitation. and nexght of the overfiow wenr.
Machameal classthargs ara widely usad in clased.
rcut gnnding oparations and it the classificaton of
products from are-washing plants. Varnous
machamcai classiiers ara descnbed balow.

The rake classifier ubiizes rakes which dip into the

= am il o cn s 'l », Y 1 i
settled matenal and move it up the incling for a shont

distance. The rakes are then withdrawn and returmed




Fouse 18, Tha hasie torsen twnes and their ol itiearions. (Aeonintad from [5]. Conwright © 1982, Raprinted by permission
of John Wiley & Sons. Inc.}
Screens
[ |
Dynamuc Fized (Statwc}
l | ! ! I I
Asvoinng Osciilaning Canveying Goerty  Sieve Bend Probabiiity
T —
wintive .
Partw;ia/ Screen: (‘) —— I ! o Travalinn
d ¥ ' AGER revenng
Ca ! Grizdy Bait
Rotary Siters Shaking Vibrating
1 1
f 1 f 3 ;
Recmprocanng Gyratory Hortzontel Inclined Prabatuiity
1 —— | $
i Flow Countertiow  Eiscine
Rataton Rmumn Vikration
...................................................................... /
el
Motonof | 2 O ] / O O b
u b o ey e s it e e - = m m m m beb e e e R @ A A ARk oA b = T e e Tk b e

Mauon it Plane of Screen

to the staring point, whera the cycle is repeated; the
satttied matenal is thus siowly moved 10 the incline o
the discharge.

Spiral classifiers use a continuously revolving spiral to
mova the sands up the siope. They can be cperated
at steeper sigpes than the rake classither, which
resuits in drier product. Also, there 1§ less agitatcn in
the pool which is important in saparatons of very fine

mates lﬁl

A sedimening centrifuge conmists of a bowl into
which a suspension 1S ted and rotated at high speed.
The hqud is removed ihrough a skemming twbe of
over a weir whia the sohds that remain int the bowi
arg removed edher intermMIentiy of CoNUNUGUSIY.
Centntugal sedimentation 13 based on 3 density
dilarence between sohds and hquiis: the particles
are subjecied 10 centntugal lorcas which maka them
move radiaily through the liquid enher cutwards or
nwards, depending on whather they are heawviar or
lighter than the iguid.

Thare are a vanaty of bowi designs and discharge
maechamisms available for indusinal centnfuges.

Oragy clagsifiers ara singte andless beit or chain
suspensuons with cross ﬂsghts running i an inchined
trough. They have lang been used for draming and
classifying, They may be any of 3 vanety of shapas
and 5i1ze8.

12 an inclinad,
¥ OIS ar

-
continuous sp:ral fiights

by T st mime
‘e coumtércurrént Classii

rotanng cylndrical drum:

slowly

[ =
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attached to the interior of the drum form helical
troughs. The direction of ratation is such that matanal
in the troughs moves toward the higher end. Wash
water introduced at the upper end draing from the
liting flights above the narmal water lavel and
prograsses countercurrent o the matenal toward the
Gvertiow.

The countercurrent classifier is normailly used for
sand-slime separations, washing, and lor closed

construction resmching escaps of heat ang chemcal
fumas.

The aw classiier, simiar to he hydrocycione (1o be
discussad in the next chapter on nonmechanical
classihers) uses ar (0 produce coarse and e
tractions. The aw classifier 18 used where solds must

be kept dry, for axampie, n cament gnngding.

Nonmechamical Classifiers Nonmechamcal
classifiers rety on gravitational or centntugal force to
separate he caarse parucies. The hydrocycions,
satthng cona, and eiutnator are three typas that are
commaniy usad.

A hydrecycions 13 a wdely used, small, »nexgensiva
device that Qives relatively efficient separatan of fine
parnclas n dilute suspension. The hydrocyciona s a
conlinyous-oparating classifying devica, which
utlizeas centnfugal force 10 accelarate the sedling rate
of particltes. It 1s cne of the most importaint dencas

used n tha minaerals industry; there are over 50
hydrocyctana manu itanturare N tha world,

YRTLS
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Tabie 14.Types of Screening Operati anvd EQuip

John Wiley & Sons. [ne.)
Qoeraton and Descnoton

(tlepnnted from (8]. Copynght © 1982, Reprinted by permission of

Type of Screen

Scalping: Sinctty, the remaval of 3 smad amonunt Of Overswze from 4
feq hat 13 precominataty bnes. Tycaity the removal of Sversize
TN A teea et anorgxemaeny. A maxanum of £% cwwnze. and a
mimmuntt of 50%s haltsize.

Coarse: gnzzry.
Intermextate ang fine: same as used v SB0AraboNs

Saparaton. Coarse: Mawng 3 5ize sepanon at 4 73 m ang
arger.

Separanon. inermegiate: Mawng 3 S22 SEOAFANON sMalier than
475 mm and larger than 425 mcron

Separanon. Fne' Making 3 $i2e SEparanon smaliey nan 4235 mcron,

Vioranng screens. honzonu or inchned.

Vibraung screens. mgn-speeq. siter, and centnfugal scresna. Stanc
SHTves.

Hqn-Soced, wher, ang centmiugal Sscreens, Stanc eves.

Newaterng: Removal of free waler 'rom a sOwds-water misjure,
Genevaily hried 1o 4 7% mm and larger,

Honoria vioraung, Chned (aoout 10°), and contnhgal screans.
Stauc seves.

Trasn Aemovar Removal of exranecus Mmatter rom a crocessed
malanai. Essentaily A fomm ot scaipng coeraton, Screen type wid
epent 0N wze ranoe of arocested Matenal,

e o8 OF e

Vibranng screens; nonzontat or mchned. Suter and centnfugal
screens. Slauc weves,

Cimer Apvircancns Ceswmmg, conveyng, M recorvery,
conemntranon,

wibranng screens; honzontal or wichned. Csailanng and centniugal
wcreens. Slauc seves

A typical hydrocycione (Figure 16) consists of a
NPTy |
discharge occurs, joined to a cybndncal sechron,
wnch has a langennal feed niet. The top of the
cyhndnical sechon 18 closed, with a plate through
which passes an amally mounted overflow pice. The
pipe s extended into the body of the cyclone by a
snort, removania section known as (he vortex finder,
which prevents feed frormm Howing directly wito the
overtiow,

ara grnarfio

Srow
Wil Q

mevmar | A Ak e
Comilas Qg o ha dWER, WHGET W

Becausa ot a langential inlet, the slurry entering the
cone rolatas at high velecity. causing heawier
particles to move to the wail of the cycione and
discharge through the apex opemng. The smaller or
lighter particles move toward the vortex n the canter,
discharging through the overfiow,

Tha seming cone 13 thae simolast form of classilier.
There are many diffarant designs of cone. The
machine assenbaly consists of a suspended circuiar
tank, tha hase of which s 1n the shape of a lruncated
cone closed by a vaive. Feed IS ntroduced at the 'op.
The sand setttes in the cona. whiie the water and
slimes overtiow nto a3 Circular panpheral faunder, Ag
the sand accurmuiates w the cone, the weght ot the
whola machine increases. This opens the discharge
valva. When the sand s discharged. the machine
lightens, autematically clasing the vaive.

Eivinanon % a process of sumg panicies by means
of an upward currant of fluid, usually water or ar. The
process 13 the reverse of grawity sacimentation.
Those pemicies hawving a terminal velocity lass (han
that of the veiocity of the flud wi overflow, whie
those particles having a terminal velocity graater than
the fluid velocity will sink to the underflow,

6.3.2.2 Potantial Applicable Situations

Classifiars can be considered for use in sod-washming
schemes. A typical equpment arrangement 15 shown
in plock diagram form in Figure 13. In this figure a
numbter of classifiers are used.

The front end uses a scrubber, winch is a drum
washer. A spral classifier could also be used tor ths
purposa. A hydrocyclone 18 used at an intermediate
location in tha scheme to separate the coarser
fraction from tha finer fraction. A centnfuge 1s used 10
remave the fines irom the finer frachon. Each device
15 used to handle 3 partcular size fraction n the
procass.

Cther classiiers discussed in this subchapter can
aise be usad: the applicabon is deterrmined by soid
size frachion and soiid concsntranon,

8.2.2.7 Advuntages and Disadvantages

Advantages - The prncipal advantages of these
classihers are thew high conunuous processing
Capaniiy ang thew axtenswa industnal processing
track record. The mumng mdustry rehes on them as
prma movers in ora refimng and prorassing. Low
cost per quantty of matenal beng processed and
equipment rehabiity are the major reasaons lor
selacting the equipment.

Disadvantages - A drawback to classicatan s that
soi with 3 lot of ¢lay and sandy sod with humus
matenals are very dificuit to process. In gereral,
sandy sois jow in clay and humus constituants with 3
hgh specihc grawvity are successtully processed with
the classitiers.
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Figume 16. Hydrocycione. (Repnnted fram [8]. Copynight ©
1985. Repnntad by permisason of Pergsmon
Press. Lid.}
PR 4
Ovarttow
oy
J {
H / | 1‘_‘_ vortex Fincer
» () -
.k
Fand E' .
Entrance | .
\ .-L— Apax Vaive
’J
Underflow l
Discharge
8.3.2.4 [nformation Needs

The charactenzaton histed below must be considerad
in selecting a classfier type and impiementing a
citagsdication orocess,

- Particle size distnbution of the feed.
- Radionuclide distibulion with parucle size,

- Speatic grawty and chemical analysis of the
soil.

- Mineralogical composition,
- Charactenstics of the soil
sand, hurnus, clay, or silt.
Compesition of the orgamics in each soii

traction.
- Muoisture contant.
- pH.
6.3.3 Flotation
8.3.3.1 Dascription and Daveiopment Status

Froth flotation ts used extensively n mineral
orocessing 0 concsnirate constituants such as
wanium from cres. Great strides have heen mada

51

both in the chemucal aspcects of flotation and in
equipmeant deveiopmeant. Today fotation is used for
almost all sulfide matarmals and 15 widely used for
nonsuifide metalhic mmerals. industnal minerals. and
coal. Motatnon s the mosi economicai meihod for
saparaing particles in the size range of 0.1-G.01

mm.

Metallic ores are normat'y ground finer than 48 to 65

mesh for treatment in rroth Hotaton, whereas coai
and cerntain nonmetallic ores ara generatly treated by
gnnding to finer tnan the 10 tc 28 mesh range, As a
ruie, coarser feed cannot be swuitably mixed and
suspended by a flotaton machine. Fineness of gnnd
is Cetermined by the particle size at which the desired
munerals are (beraten from gangus {wasts) pamiclas.
In floiation machings, 1ha are is suspended in water
by means of mechanical or ar agitation at a pulp
density generaky trom 15 to 35 parcent solids, The
surfaces of suspendsd particles are treated with
chemicals called promoters or collectors which render
those parucies aw-avid and water-repeilant.
Through the usa of modifying agents. undesirad
mineraly are depressed or rendered non-floatable.
With wvigorgus agitation and aerahon in the presence
of a frother-a chemical added to create bubbles-a
layer of froth ¢or foam forms at the top of the flotaton
maching. The air-avid minerais become attached to
air bubbtes and rise to tha surface where thay collect
in the froth and are skimmed off [2,3.5,!0,
11,13,14,17,20.21].

QUWUU" UI :UIIIUU LUIIIWUHUE lﬁ wall thdollsﬂaﬂ
Suifides are separated using atkyl xanthates or
aithwophosphates. Oxide mmneral forms can be foated
from acid or basic solutions.

Tha pH level 1s astablished for sach mineral oxide
typs. Oxidas are separated with surfactants. Siicates
and atumnosilicates accepl ionic surfactants in the
samg way as owdes. Sait-type minerais respond 1o
anmwonic surfactants.

Promoiers or coiiectors are added with the ore to
anhance fHotation of he partclies. The collector also
serves as a water-repsiient, which raducas the
moisture content of the troth. Typwcal collectors for
flotavon of metallic sulfides and natve metals are
aikyl xanthates and dithmophosphates. These womized
collectors are adsorbed on a suihide mineral surface,
with bonding through the suifur atoms.

In flotaton, collectors of Huorspar, ghosphate rock.
iron org, and othar nonmetamcs are likely io be crude
or refinad fatty acids and thew soapgs. peirgiaum
suifonatas. and sulfonated fatty acuds. Canonic
collectors such as farty amings and amine saits are
widely used for flotation ot quanz potash. and siicate

minerals,



Commonly used frathars are pine gil, crasyiic acid,
poiypropylena glycol ethar, and 5- to 8-carbon
aliohatic aleohols such as metnviisotutylcarbinol and
methyt amyl alconhal. Quanuties of frothers required
are usually 0.0 to 0.2 lbston,

Deprassants assist in salectivity (sharpness of
separation) ar to stop unwanted minerals from
floating. A typical dagrassant is sodium or calcium
cyanide to depress gynta (FaSy).

Alkalinity ~squlators such as lime, caustic soda. soda
ash, and suifunc acid are used to control or adjust
pH. a very critical factor in many flotaton separations.

The choice of reagent is based on past expenence
andg trial and error, guided by a sketchy knowiedge of
surface chemistry. Over the past 40 years a good
deal of research has gone into lhis problermn, but a
great deal more 13 neadad.

Limited information is available in the literature on
flotation cells. Some fungamaentai research into the
physics of particle capture Dy bubbles is bemng
pursued in saverat Eastern European countries,
presumably n the conviction that a bettar
understanding of flotation kinetics wiil lead to practcal
impravements in ihig techrique [12)].

Mechamcal flotatton devices are the most commonty

used. Often ane type of machme wil be used for
roughing and another for cleaning. These machines
provide mechamcal agiatien and aeration Dy means
of a rotating impeiler on an ypright shaft.

In addition, some cells utilize air fram a blower to
heip aerate the pulp. In racent years. there have been
dramatic increases in the size of individual flotabon

catls,

In a cell-type mechanical fotation machine, froth
product discharge 1S obtaned by overflow with or
without the use of mechancal padales.

In pnaumanc flotatron machines of bath cell and tank
types, mixing of air ang puip occurs in injection
nozzies. In the flotation column, countercurrent flow -3
established in tha lower section of the column.
Although axtensively lested. pneumatic flotation
columns arg Not COMMGN 1 industry.

Dissoilved-air flotatiun invoilves the dissolution of air
{or other gas) into the liguid whie under pressure,
followed by precipitation. Electrofictation is another
method (o create uitrafine gas bubbles, but this
techmique usas electrolyss.

6.3.3.2 Potantal Appilcable Sltuations

Flotgion cells can be considered for use in muil
tadings to reducs the level of radicactivity. The

Palabora Minng Company in South Africa treats
complex ore using flotation and physical separaton
technigues o recover coppar. Magralle, uranium,
and zirconium {22].

Canadians have used flotatinn ceils to extract radium
from uranium miil tailings [3] and uramum from Elliot
Lake ore (8]. Research conducted at the U.S. Bureau
of Minas shows ihat 35% of uranum can De
axtracted from sandstone ores comtamng 0.25%
uranium oxida by means of flotation [8].

Ot all the ores treated by flotation in the U.S., 66%
nanmetallic minerals, and 3% coai {11]. Although
increasingly used for nonmetailic and oxidized
mingrais, flotation is primanly used to extract sulfides
of copper, lead, and zinc from complex ore deposits.

6.2.3.3 Advantages and Disadvantagas

Advantages - If the particle fractiun contaiming the
contaminants can be collected by the froth. then
flotaton is a vary effective tool. High separation rates
tor fine partcies can ha achiaved.

Disadvantages - If no suitable additive (promotar or
collector) can be found, then flotation will not be
affective. Mew additives may have to be deveioped to
permit successful flotation separation for radwiogicaily
contarmnated matariais.

Flotation is a complex procass. depending for
eftective separation on particte size, rate of feed,
coritiss of chemmicai additives, and handling of the
refined groduci. The process is aiso expensive.
Flotation uses smail, compact equicment of lower
capital cost but with higher cperating costs than for
gravity separation aquigment.

6.31.3.4 Information Needs

The characteristics listed beiow must be considared
in prapanng to implement a flotation procadure.

- Particte size and shape distnoution of the
feet.

- Radionuclide distnbution with particle size

- Characteristics of 'he soil - clay, humus,
sand, or siit.

- Speciﬁc gravity angd chemical analysis of the
SGil,

- Mineralogical analysis.

- Concentration ratio of solids to liquid fom.ng
the suspension.

. The nature aof pratreatment.




6.3.4  Gravity Saparation

8.3.4.1 Description and Development Status

Gravity methods of separation are used to treat a
great vanely of matenals. With the advent of the
froth-flotation process, which aillows the selactive
treatment of low-grade complex oras, use of gravity
separation dectined. However, in recant years, many
companias have been using gravity saparation
methods due to increasing costs of flotatnen raagents,
the relative simplicity of gravity processes. and the
fact that they produce comparativaly littie
environmental pollution. One of the word’'s largyest
uranium procassing plants, Palabora Mining Company
in South Africa, recovers hoth  uraniwm and
baddeleyite using gravity separation techniques [22).
Modem gravity tactiniques have proved to be efficient

for the concantrannn of minarais h:uing o ririn cizac
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in the 50-100 micron range [6,8-12,14,17},

Gravity separation tachniquas expicit differances in
material densities to bring about separation.
Therefore, separation ig influenced by panicle size,
density, shape, and weight.

All gravity separation devicas keep particlas slightly
apart so that they are able to move relativa to each
other and thus saparate into layers of densa and light
minarals. Gravity saparators or concentrators are
clagsified by the means used to achiave this
interparticte spacing. The tyge represented by jigs
applies an assentially vertical osciilating moton to the
solids-fluid swream. The shaking concentrators or
shaking tablas form the second group. Thasa apply a
horzontal shaking motion t9 the solids-fluid streamn
by vibratng e surfaca. Included in this typa are the
shaking table, the Bartles-Moziey concentrator, and
the traditional miner's pan. Gravity flow concentrators
such as sluices and troughs form the third type, in
which interparticle space is maintained by the siurry
flowing down an inclinad surface. Jigs and grawty
flow concentrators, which are manly used in coal.
heach sand. and iron ore processing, will not be
discussed here. However, shaking concentrators
(called tablas) used in soil dacontamination processes
[23] will be addressed in this chapter,

The shaking table is the most versatile of all gravity

- devices that in one pass can produce a high-grade
concantrate over a wide range of particle sizes. The
shaking table is a ralanvely oid device that has siowly
avoived. Generally, shakmg tables treat matenals finer
than jigs are abie 0 handie, but this is achieved at
the expense of capacity; single deck lables have
relatively low capacity for their cost and space
requirements.

Shaking tables are very versatile units, and are used
for a wide range of functions: trom roughing to
cleaning; from the treatment of sands to slimes; from

b

the separation of two heavy minerals to coal
preparaocon,

A typical table is illustrated in Figure 17. Feed enters
through a distnbution box along part of the upper
edge. The wash water and shaking action spread tne
feed out over the table. Product discharge occurs
along the cpposite edge and the end. The assantially
rectanguiar table has an adjustable siope of about
0°-8* from the fead edge down to the discharge
adge. The surfaca is a suitably smooth material (e.g.
rubger or fiberglass) and has an arrangement of
nffles, which decrease in height along their length
toward the discharge end. Oitferant duties may
require 3 different deck size or nffle pattern, and a
range of decks are offared by most manufacturars.

Figure 17, Schematic of a shaking table, showing the
distributicn of products (Ragrintsd from [8)
Copyright © 1982, Reprinted by permission of
John Wiley & Sons, ing.)
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Modifications o the basic shaking table design
iclude the Bartles-Moziey separator, the Holman
stime table. and the Bartlas crossbeait concentrator.

6.3.4.2 Potenta! Applicable Situations

In the soil decontaminaton processes installed at
Hegmans Milieutechniek and HWZ Bodemsanering,
both n Holland, tables are used in separating fine
particles from extracting agents [23]. Concentration
Oy grawiy Meinod is limiied o those soiis in which
the contaminants are refatively coarse and capabie of
rasisting breakage and sliming or are associated with
other minerals that may themselves be separated by
gravity differential. The concantrate thus obtained can
ba processed further by extraction. COG Mineral
Corporation Mill in Utah usas a gravity separator as
part of the uranium extraction process [14].



6.3.4.3 Advantages and Disadvantages

Advamages ~ Gravity saparation is mghly eflicient
and is a proven process for a wide rangs of
applications. it gives a high-grade concentrate over
a wida range of particte sizes and funcuons well with
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Disadvamages - A drawback is its low handling
capacity: high ‘hroughput reguires multiple decks.
Gravity separation requires clean water, so that i
water 15 racycted care must be taken o ensura there
15 no slime buddup.

6.3.4.4 Information Needs

Tha prerequisite information listed below must be
considerad in preparing to implement gravity
segaration procadures.

- Throughputs.

- Feed preparation (naturai, sized. classifiad
hydraulically, &tc.).

- Feed density.

- Characteristics of the scil-sand, clay, humus,

or silt,

- Particle size and shape distnbution of the
feed.

- Specific gravity and chemical analysis of the
S,

635 Suppoert Technoiogias for Treatment of
Liquid Recycle
Most mineral-separation procasses raquire

substantial quantties of water; the final concentrate
has to be separated from a pulp n which the
water/solids ratic may be high. Partal dewatermg s
performad at vancus stages in the treatment, so as to
prepare the feed for subsequent processes. The
separated water is punfied and normaily recycied.
Cewatering is basicailly a solid-liquid separancn
techmque and can broadly be classified into two

types:

- sedimentation
- filtration

Dew..tening is normally needed in any chemical and/or
physical separaton process and is a combination of
several methods. The bulk of the water is first
removed by sedimantation, which produces a

il ot As e st EE_DNOL  oanalidd lassias Dieesias
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increasas the solid jcading to 80-30%.

With the excapton of dry screening, the varicus
technoiogies require the feed to be in the form of a
oo, Each of thesa technologies toierate certain
rary;8s in the water content beyond which they do not
work efficiently. Figure 18 shows the limits ot vanaton
of tha water cantent m feed puilp that can be tolerated

in
I

hy screening, qravity cancentration, clagsification,

sedimentation (thickening), ang filtration.

Also shown in Figura 18 are limits of water content for

other mineral processing ogerations, such as

Figure 18, Limits of wster content variation. [Reprinted
from (§]. Copyrignt & TS5, Rephnted by
permission of John Wiley & Sons, Inc.}
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8.3.5.1 Description and Development Status

Sedimentation Technoiogies - Sedimentation
technology can be classified into gravity
sadimeantation and centrifugai sedimentation
[6.8,10,11,13,17,.18.24].

Gravity sedimentation is the removal of suspended
solid paricies from 2 liquid by settling.

Rapid setting of solid partictes in a liquid produces a
clanfied liqud, which can be decanted. A thickened
slurry, which may require further dawatering by
filtration remains. Very fine particles, of only a few
microns diameter, settla sxtremely siowly by grawity
alona.

Coaguiants and floccuiants are added. producing
relatively large lumnps. callad flocs. which seftla out
moere rapidly, There are several equipment designs
available for sedimertation. These are:

- Deep cone thickaners
+  Tank thickener

Liimbs mamamidng dmiemie amare
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- lLameila thickeners

The mast common type of sedimentation unit is the
cylindrical continuous tank thickener with mechanical
sludge-raking arms. Feed enters the thickener
rough a central feed well, and ciarified liquor
ovarflows around the penphery. Thickensd siudge
(*he siudge Dlanket) collacts in the gonical base and



is raked by the siowiy revolving mechanism © a
central discharge point. Une of the main
disadvantages of thesa thickeners is the large floor
area raquired.

With introduction of fioccuiant, the settling rates of
suspension could be increasaed tenfold or mare. High
capacity thickeners take advantage of this by
providing mechanical mixing of floccuiant and siurry,
and staged additions of flocculant. The high capacity
thickeners are more expensive {0 operate but provide
better performance and usa less spaca.

The lamalla thickener uses a nest of inciined plates,
thus prowiding a large effective setling area in a
compact space. Flocculants are added to aid the
sattiing.

Daep cong HICReN&rs a's Over 4-msier
containers equipped with stirers and overflow and
underflow arrangement. High flocculant Josages are
used to obtain high solid concantrations.

Selective floccuiation is an important technique that
uses a high-molecular-waeight pciymaer, wnich
selectively adsorbs only one of the constituents of a
mixture. Selective flocgulation is foilowed by remcval
of the flocs of one componaent. Selective lHocculation
has been appiied !0 the treatment of clays, iron,
phosphate, and potash ares.

Centrifugal sedimentation is appropnata for siurnes
with very fine particles. since gravity sedimentation
may be very siow. Ouag to high centnfugal forces,
saparation of particles occurs quickly with high
throughputs. The two types of centrifugal
sedimentation dasigns are hydrocycione and solid
bowl centrifuges. Hydrocyciones are describzd in the
chaoter on classiliers.

Tha solid bhowl centrifuge is a cylinder into which
Sii.ﬁl"y' i5 I‘Gd aﬂd e te=tes hig!‘. 5",..‘59".*. The
cantrifugal action forces the heavier particles to the
wall of the cylindar, while the liguid forms an inner
layar and is removed. The solids are remaved
continuously or intermittently. There are several Dowi
designs available.

smbmtad  af
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Newly davelopaed centrifuges can separate particles
as fine as 0.5 micron. Centrifuges have heen
engineerad that integrate floccuiations to ease solid
removal. The nawar centrifuges have abrasive-
resistant coatngs, require lass power to operate, and
are quieter than clder versions.

Filtration - Filtration narmaily follows tha thickening
operation [5-8,10. 11,13,14,17-19,24] The filtration
process can be cfassified into thres types:

+  Deep bed filtration
- Screening
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- Caks filtration

Deep bed fiitration uses a deep bed of granuiar
media. usuiily sand, as a filter. Mainly usegd in water
and wastewater treagment plants, it i3 inexpensive but
cannot remave fine particles.

Screens are also used as dewatenng media; thay are
descnbed in the previous chapter.

Cake filtration is the most widely used dewatering
techniqus in mingsal processing. Caka filtration is the
removal of solid particles frorm 3 fluid by means of a
porous medium that retains the solids while allowing
tho fluid to pass. The porous medium usad In
industrial fiitration is a relatively coarse material;
therafora, clear filtrate is not obtained unti the mtial
layers of cake have formed. Factors affecting the
cake filaton operaton arer the filtenng surface,
viscosity of the filtrate, resistanca of the filter cake
and filter media, and operating pressure of vacuum
required to overcome the resistance.

aid filtrauon ang
oiinding the filter

Flocculants are sometmes added to
prevent iine partcles or simes from
media.

Cake filtration can be operated in two basic modes:
constant pressure or constant rate. Constant pressure
filtration maintaing a constant prassure, but fiow rates
fal off as solid cake is formed and resistanca
increasas. Most of the continuous filters operate on
tms principle, using vacuum to provide the prassure
diffaranca. Constant rate filtration requires gradually
increasing pressure as the cake builds up and
increasas the resistance to flow.

Cake filtration systems utilize aither pressure filters or
vacuum filtars. Pressure filtars are normally operated
in batch processing mode and vacuum filters
generaily in continuous modae.

Pressure filters are widely used in the chemicat
industries. The driving force for filtration 18 the Huid
pressure generated by pumping. Since the fiiters
work mainly in batch processing mode and are
therefore labor intensive, they have seldom been
used in mineral procassing. New  concspls such as
continuous fiter press are not really continuous
operation systems but go through a sanes of
automated cycles.

Another new development is the beit filter prass
(Manor tower press). Deveioped in Europe, it is a
contnuyous prassure filter used in treatment of paper
mul siudge, coal, and flocculated clay siurries {181,

All vacuum filtration techniques use a porcus filtar
medium to support the filter depasits, benseath which
pressure is reduced by connection to a vacuum
system. The vacuum fitration can be operated in




vacuumn filters are

The most widely used continuous vacuum filters in
mineral processing are drums, discs, and honzontal

fiters. Aithough different in design, all continuous

vacuum filtration equipment is charactenzed by a
fiitraion surface that moves [y mechanicai or
gneumatic means from a point of siurry deposition
ynder vacuum tQ a point of filter cake removal.

A typical drum filter assentially consists of a
honzontal cvlindrical drum that rotates whde partally
immersed in an apen tank, mto which shurry is fed
and maintained in suspension by agitators. The drum
sheit itseif is covered with a drainage gnd and a filter
medium. Vacuum is apptied from the mntenor of the
drum. Ag the drum revclves, the cake is raised above
the liquid 'evel. and wash water. i} reaured. is
sprayed on the surfaca,

Vanous methods are used for discharging the solids
trom the drum. The most common form 1S the use of
a reversed biast of air and a scraper o remove the
. ;‘\ilUmVi I‘U"“ ls !lhe b%'! d:s‘c&h-‘.geo Ill "“'Ihlﬂ-ih :hq

fiter madium leaves the drum and passes over
external rollers befora returming to the drum.,

raka
D

Digc filters operate in @ similar fashion and consist of
a number of discs parly immersad in a slurry and
mounied aiong a hoiiow shafit, througn witch vacuum
13 applied. The disc is ribbed and supports the filter
meda.

The horizontat continuous vacuym fiitars are
charactenzed by a honzontal filtering surface in the
form of a helt, table, or senes of pans in a circular or
linear arrangement. Horizontal beit filters have been
rapidly accepted n the uwranmum mining mdustries,
hacause of thair ability to filter heavy dense solids.

One new davelopment in filtration is filter cake
pressing, in which a squeezing action is applied to a
pravicusty formed filter cake !0 comprass the cake
and remove further moistura. Steam-assisied
vacuum fiitration 15 another new technique to reduce
cake moisture {13}.

Electrofiltration i3 a naw technique used for
saparation of uitra fine partucies (up to 10 microns).
Here the siurry is placed w a direct current efecing
fieid: the negatively charged particles migrate toward
tha ancde, forming a caka which is further dewatefed
by eiecirousimosis. in the caihode, the siurry i3
filtered througtt a filter cloth by vacuum filtration.

Membrane separation is a new technology that usas a
samipermeable membrane to separate 3 solidliquid
system into its components. Physical, chemical, and
electncal means can be appliea to snhance the
operation. Membrana separation i§ sxpensive and 5o

L1

is not used in the mining industry. This technique is

usuaily ussd 1o sanarale vary hnn narticiag ]ﬁ 1=
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0.001 micron) from liquid. A manganesa-

impregniated acrylic fiher filter has been used to
remove radium from a 3 M NaCl extractant solution
and shows significant promise [20]. A review [25] of
varigus mambranes for uramum extraction conciuded
ihat there is a partcuiariy promising memorans
procass called selective memirane mineral axtraction
{SMME). The SMME systam has been shown (o
ramove 398 parcent of radium from water containing
1,500 pCin ot the radionuclidge. The membrane
techmques can be used with chemical extraction
technology o extract the radionuciide from the
axtractant.

6.3.5.2 Potantizi Applicable Situations
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the throughput required. the particla size. and the
density of the materials. Cylindrical tanks are narmatly
used as thuckenars Hut. bacause of the iarge area
required and the low aefficiency of tanks, centrnifuges
or Migh capacity thickaners are appropriate where
thare is a2 space limitation and high throughputs are
required,

Pressura filters used in the chemical processing
industry are rarely usad in mimng, as bateh
operations are expensive: howevar, pressura filters:
can remove ling pamclas.

Bisc filters, and to a la:ge axtgnt drum fiters, are the
mainstay for most dewatering systems because of
their ability to remove fine particles. Cantrifugal
fitration or olectrofitraton may be used o remove

very fine particles.

8.3.5.3 Advantages and Disadvantages [24]

Advamages - Gravity sedimentation is economicat: it
carries low maintunance and operating costs. The
tachnique has a good long track record and 1§ the
simpiast of the sadimentatton methods.

Centrifuge sedimentation offers high efficiency, high

lhmunhn- it and affactive sanaranon of fing namecia
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One of the main advantages of the crum fiitars is the
wide range of design (method of discharge, cloth
design, etc.) and coperating vanaton {drum speed,
vacuum gperaton, submergenca cycie etc) that
permits ireaiment of a wwde range of pariicies oi
diverse nature, Crum filtar operations are clean,
continuous, and utomatic with minimal oparating
labor. Orum fiiters are also low in maintenance cost.
Drum filters provida for eftactive washing of fiter cloth
and can aiso handle very thin filtar cakes, resuiting in
increasad filtration and draming rates with drier
products.




One of tha main advantages of disc filters is that they
can handle large volumaes of reiatively free-filtenng
solids (typicalty 40-200 mesh range). it is possibie to
handle ditferent siurries on one umit simultaneously by
pargtioning the fiter tank and using ore or saparate
automatc valves. The disc fiter equipment provides
for large filter areas on mimimurn floof space.

Another advantage of disc filters is the rapid medium
replacement made possible by virtue of their design.
In addition, the capital cost of disc filters per unit area
i3 generally less than for drum filters.

The main advantage of honzontal filters is that large
tonnage per unit area can be processed with rapid
dewatering . Cakas ranging in thickness from 10 mm
to 200 mm can be formed and washed. Honzontal
fitenng provides excstient washing with sham wash
liguid and filtrate separaton. In this respect it is better
than the drum Fhiter. Honzantal filter equipment is very
fiexible in operation. Since n horizontai filtration tha
settling of solid assists the filtranon, horizontal filters
are ideal to handle quick setlling slurrias.

Disadvantages - Gravity separation is inaffectiva for
fine particles. It involves a long setting time and
requires a large floor area. aespecially when tank
thicknesses are involved. If chemicals are used.
operanng costs will incraase.

Disagvaiages of csnimiuge ssdimentanon includs
high capital cost, with 2 igh maintenance cost that is
higher than other sedimentation procedures.
Equipment is noisy, and is subject to abrasive wear.
Another disadvantage of cantnfuge sedimentation is
its tugh power requirements.

The mamn disadvantage of the drum filters is the high
capital cost. Aiso, cenain types of feed cannot be
handled by drum filters, such as quick setling
siumes. Use of blow-back air and a scraper knife 10
discharge the filtar cake may producs wenes cakes
and greater fiter medium wear.

QOne of the main disadvantages of disc fitars is that
they are inflextble in operation. A good washing of the
vartical cake surface is difficult. and because of
limitad cake drying time, wetter cakes are formed.
Some designs result in excessive filirate blow back,
causing the cakes o be moist. Also. the discharge of
thin cakes is dificuit. The disc fiiter equipment has no
means of separatng different fiitrates if the unt 18
used lo filter more than one siury simuitanecusty.

rate of medium wear wil he high ¥ coranar

discharge is used.
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The main disadvantage of horizontal filters is the
heavy wear and tear of the Hexble dramnage beits,
which results in loss of varuum and poor dramnage.
The horizontal filter requires a large floor area. In the
casa of bait filters, only 45% of the beit area is
affective. Horizortal fiters are more expansive than
drum filters, but this disadvantage is offsat by the
Righar canacity nor umit Zrea. since honzontal fiitars

PIRGNIDT Lty ===

can handie thicker cakes at highar speeds.

6.2.5.4 Information Neecs
The prarcquisite information listed below must be

o e 2

considered n impigmenang Featment

procedurss.

- Particle size and shape distributon of the
fead.

- Radionucfide distnbution with particle size.

- Specific gravity and chemuical analysis of the
soil.

- Characteristics of the soil - sand, humus,
clay, or silt.

- Mineralogical analysis.

- The concentration ratio of solids to liquid
forming the suspension.

- The nature of pretraatmant.

6.4 Typical Costs of Physical Separation
Technologies

gost of the apptication of any of the physical

separstion technologies described in thig sechon wil
depend upon several factors. Thus the costs cannot
be reliably estimated for any technology and for any
site at this stage, because most of the required
prerequisite information i3 not available.

T
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Among the cautions must aiso be included the fact
that many, if not mast, of the controlling factors will
be sita-specific. The cost for 3 technology at one
site may be vastly different than tor the same
technology applied at ancther site.

Daspite the limitations and cautions, some typical
cost information is provided in Table 16 for the
technaologres described in ihis chapter. The costs
shown do not include cost of transportation and
disposal of concantrated fractions. The cost of
ieturmng  "clean” treated materal to a site is not
included.

The purposa, capacity, equipment and operating
costs in 1987 doliars, and fartors atfecting both cost

and capacity ars presented for the mauer ivnec of

physical separation aquipment.




Table 18. Typscal Couts of Major Physical Sagerstion Equipment

Thess coss ootanad from vandor are presentad 0 gree SOMe [yPcal COStS. Thay A not Ntendad (O D ADOHCANN 1 ANy parcusy sip. Cost
of returmeng “claan” 7oA MAeNal D 4 308 o NOL NCluded.,

Eauoment Operating
Cast n Cost n
Eguomenm Purpass Capacmy 1987 § 1987 5 Factors AMectng Cast and Capacrty
Sor Preo. Package 10 orepany sod for 50 - 600 TPH 5004 - 4. 1/Ton Sod ype, sitg CONCIDONS, IrUCK ACCESS,
(gnazty crusner, lsactung 2300K dust contral
SCreen, meoer)
Screw Clasmfer Prowmwmary separanon of 10 - 950 TPH 5K - 187K 3 - 1/Ton Sod type. avatabeity of water Tac0acIve
coarse and fines Saidng, COMONVE rasIgance
Hyomcycions Intermecsse Classheanon 50 - 500 GPM 1% - 5K 1 - 0.30/1000 Corramon and abrason resistancs
of sand and smt Gal
Corrugatad Plamt  Grawity separabon of st €0 - 1000 4K - 74K 2- 171000 Gal  Cormosion resistancs, racthcacive
Intercaoer and finas GPM Siaicing, J6grae Of SENArauon
Clarthar Grawty separanon of tmes  60-6000 GPM 40K - 520K 8- 171000 Cas  Same as apove
Mrum Fime Hemoual of ad wusoenoad 0.5 - 90 TPH 50 - 400K 80 - 2/Ton Cormmson reustancs. radioacive
sondy Shwaicing, shetter
Contrtuge Ramoval of urierabie 10 - 600 GPM GOK - 580K 77 - 7000 Corromon resistancs, rachoactve
sohas Gat shwaiding, sheitar
Flash Dryer To cry setted or hitrad 700 - 38K 200K - 120 - 21/1000#  Conoson remstance. rachoacve
A0haS & wawrite 1800K ShednG, Mestieval CONStTruChon,
emsuons control
Fictason U For the ssiecve 30 - 1000 25K - 130K 15 - 21000 Comosnon resistance, raccachve
sepaanon of ines GPM Gal Saicr
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Chapter7
Combined Physical Separation and Chemical Extraction Processes

7.1 Purpose and Moae of Operation

Empioying physicai separation techniques, it may be
possible to decontarminate sod 10 low radiauon lavels

oy separating the highly contamnated parncles on the

nasis of particle sizes. While the coarse soil paricle
fractions mght stll contain radiation above acceptable
levels, removal of radioactive contarminants from them
might ailow return of the sad to the place of ongin or
piacement in a norhazardous waste fangtil. Whie
appiying further physical separation techmques wouid
not lower the radiabon levels, chemugal separation
technologies apphed to the saparated coarse particles
might brng tha treated sod radiation 10 acceptable
levals. This chapter discusses tha vanous combmned
physical and chemical separation technigues that
might be applied to decontaminate radioaclive sois.

7.2 State of the Art

Three physical and chemical separation techngues
will da discussad:

- soit washing and physical segaraton
. saparaton and chemical axtraction
- separabon, washming and sxtraction

Scil washing and physical separation hae been ugaqg

in two pict plant tasts to decontamnate piutomum
contaminated soil [1] and to extract radium from
urarium mill talings {21.

Separation and chemical extraction have been used
extansively in the mimng ndusiry, @ particuiar (o7
exuacong uranium. Palabora Mines in South Afnca
uses gravity saparation techniques followed by
chermical extraction to separate uranium from compiex
copper ores [J-8].

Separation, washing and extrachon have been used
to decuntaminate soils [7-10].

Table 17 shows the state of the ant of the combined
physical separation and chemical extrachon
tachnologes. All thesa technologes are n the pilat
plamt tasung stage. and none have been fieid
damonstrated with radioactive matenal. Major pilat
plant testng and develcpment work ara needed pnor

Preceding page blank

Bl

to application of these technologies to radiologically
contamimnated site remediation.

7.3 Technologies of Potential Iinterest

7.3.1 Soil Washing and Physical Separation

7.3.1.1 Daescription and Development Status
This process invoives washing tha sod with chermical

solution, followsd by separation of ¢oarse and fine
partcies {1]. The type of solutton used for washing
will depend on the contaminant's chamical ang

physical composition.

The process water, which may lead 1o radigactve
pwidup N procass sreams, is irealed--preferadiy
by ion exchanga--and the resuiing decontaminaied
water is recycled.

fn 1972 the Degartment of Enargy initiated
laboratory-scale studies of techmques for
decontaminating soils [1]. Expeniments were
conducted 0 evaiuate a vanety of chamical andg
physical separanon techniques. The lechniques
included chemical axidation, caicination, flotation,
desliming, heavy madia separation, magnatic
sanaration, wet and dry screenming., and washing.
Based on laboratory-scale studes, the washing and
physical separahon process was selected lor piot
piant investigaton. The pilot-plant process flow
sheet 15 shown n Figure 19.

tha

in pilot-plant testing at Rocky the

k]
plutonium-contarminated soil was washed in a
rotating drum washer using a pH 1 NaOH solution
as a washing agent. A trommel screen was used o
separate the cparse particles {+5 mesh), and a
vibrating screen was used for further particle
saparation { » 35 mesh). This was icilowed by use o
a hydrocycione and classification 1o saparate +10
micron particles. Cantnfugation and uitrafitration were
smpioyed o separate the hne contaminants. The
watar was sent back for recyclie without any
punficaton,

Fiate,

The resuits of the piiot-piant testing show this
process could have potantial for success, but




Tabie 17. State of the Art of Combined Physicat Separation and Chemical Extraction Tecancioges

Fraid
Dewmonstracon  Ragoiogicaity
Bench Piot with Caontamnaed
Laberatory Scam Pt Radcactve Sl
TEChHHoTY Tosung  Testng Tesunn Matonal Remechsbon Rermarks
Comoined Piysical
separason and chermical
extracoon
- Sod washing and x Pl Prict piant dewsicoment and 18stng needed for
physical 5803rabON racioacive matenals
- Seosawon and = Vanaus portxns of e omcess have b
chemcal axrachon OEveOpad [or eXTacton gf uranim Irom ores.
it olant testng and cavelopment naaded 1o
rachoactive matenals
- Separavon, washng x Sgmicant bench scale and pict plant testng

ad extracbor

needed o ramcactve maienal

additronal pilot deveiopment work is needed before
scaie-up to produchon leved. In pilot-plant test runs,
sols contaminated to 45, 284, 7515, 1305, and 675

processes (Table 18), The coarse gamcle frachon
ranged from 58% to 87%. The rasuits of piot-plant
teshng showed the tine soi paricie fraction coentaming
the concentrated contammants (o have much hmgher
lavels of radiation than the fead. ranging from 1440
pCilg 10 90.000 oCilg. Feed rates ranged from 45
kghr to 120 kg/hr.

Recommendatuons based on the piot-plant tasting
wara (hat appiying muitistage washing and nnsing
instead of single stage wouid be benefcial.
Mydrocyctones and filtration technmiques were
racommaended for removal of tine particies.
Cantnifuging 2! tlocculated solution was not
recommendad, as the centrituge action tenrds to
break ihe Hocs.

The Canadians used the froth Hotaton techmique ‘O
separate radium from uramum mine tahngs [2].
Reasuits of thew laboratory tasung and banch-scale

Tabia 18. Soil Product Ptutanium Level from PHot Plant

Qperation{1]
Rund  Fewd Product

(pCvg) Coarse Wagnt Fine Waxgnt
Fracvon  Fracton  Fracton  Fracton

{ + 35 Mesh) L {35 Mesn} )

B o) 0.5 .2 1440

2 284 t2 =3 1488 42

3 s a8 78 $0.000 22

4 1305 SeE a7 10.800 i3

-] [ 14] a3 18 5850 42

* Each run recresents a different process.
® Mot avanatie.
¢ Attnbuted [0 NA0EQUALA wasieng and SCrubomg.

testing at CANMET show that radium in uramum mil
talings can be reduced irom 290-230 pCig to 50-
680 pCyg by flotat:on.

rowever, In ihe pici-plant testing at Denmison Mill
using lhe same process, the decomtamwnated taings
showed radium leveis of 123-151 pCig. This was

Figure 19.  Conceptusl soil decontamination procass flow cheet. (Reprinted from (2].)
Recvcie Water
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attnibuted to recycling the water. Whereas both the
labaratory and bench-sczie testng used lfresh city
water with ng radium inv it, the plot-piant {est water
contamned raiativaly high amounts of dissoived radium,
ranging between 586 and 1179 pCug.

7.3.1.2 Potental Appiicable Situations

The soif washing and physical separation process can
be considered for use in situabhons where radicactve
contaminants are closely associated with fing sai
particles. Setter success can be obtaned with sandy
souis; humus saus wili be difficuii to clean.

7.3.1.3 Advantages and Disadvantages

Advantages - The procass is simpie and relarively
inexpansive and should require NC mMajor process
deveiopment. It has achieved some degree uof
separation with clay soil in piiot-ptart testng [1].

Disagvantages - The main disadvantage i3 that thus
process may not work for humus soil. Also, pilot-
plant daveiopmant and testing are needed. The
procass may work only for low level radiclogically
ccrtaminated scils: this s yat o be determined Dy
pilgt-plant testing. The recyclad water must be
sinpped of racioaciive contaminants or the process
wiil becomae inetficiant.

7.3.1.2 Information Neads

The information listed below must be collected and
considered beifore implemanting sod scrubbing and
physical separation procadures.

- Nature of the soi: sandy, clay, humus.

- Nature of the parncle: size, shape. specific
grawity, mineralogical and chamical proparties,
e,

- Radionuclide distnbution with particle size.

- Nature of the contammnart-chamical ang
physical properties.

™

3.2  Seperation and Chemical Exiraction

7.3.2.1
The soil would first be separated to line ang coarse
particia fractions. The coarse particie fraction weuld
be acid leached. the radioactive conlaminants
stnppad by solvent axtraction and separated by

pracisation and/or ion awchange, Tha aextractant
wouid be cleaned and recycted. The fine particle
frachhon woguld be combined with extracted
contaminants and sent 19 a secura disposal site. The
ciean coarsa fraction would require appropriate

disposal.

ek T d o aa

Deacripiion and Deveiopmant Status

Processas using solvent extraction, ion exchange,
and acid ‘eaching, o1c.. have been used n extraction

of uranium from ores and racdium from uranium il
tailings {6,11-13}. In mining, since the cbjectve is 10
axtract maximum quantities of the desirad
consttuents (uranium and radium) from the ores and
taings, the leaching is applied to the fead as a
whote, without separaung into fine and coarse
fractions. Althouah tha process can ba anplied to the
unseparated soil, this may not bring contaminant
concentrations to the acceptable lavels. Since the
weight fraction of the coarse coil particie portion
ranges lrom 60-80% [1], and since s contaminant
radiation levels will be lower to start with, cleaning the
coarse lraction oculd possibly clean a largs

percentaga of the soil to acceptatie standards.

There are several varations on the above procass.
Two-stage acid lsaching instead of soivent
axtrachon is one varation {14]. Another is to use on
exchange instead of scivent axtraction, a tachnique
used in several uranium exiraction procassas [6]. A
third vanation 1S (0 use a soivent to extract uranm
and a sait sclution o extract radium from acid leach
residuas [12].

The Canadians {14] have used leaching solution lo
extract thonum. radium, and uranum from uramum
ora. Two-stage hydrochicric acid ieaching was
amployed, which resulted in mill tailings with radium
leveis at 15 to 20 pCig.

In Europe. several scivent extraction techniques have
been used 1o cleant sod contaminated with cyanides,
heavy metals, and organics (7). In these procussas, it
is the fine fracton that recewves the benefit of sod
cleaning methods, since the contammants a'e mainky
associgied wih the fine particlss.
typical cost to clean soi in Europe 1s around $100%0n
{7). This i3 exclusiva of excavation and transportabon
cosis. overheads, profits, and cost for safety
measures [10].

Tho aetidearand
1y gauiriamsu

Detads of gifferant charmical extraction techniques are
discussad n Chapter § of this report. Physical
separation techniques that can be used are discussed
in Chapter 6.

Polan
Separatgn and chemical extraction can be
considared for use n sandy, clay, and humus soils.
This type of process Nas been usad, with limited
succass, 1o extract radium from yramwumn rmill tailings
in pilat slant tesnng. A larga concentration at suifide
n tha sod wii have a marked effact on the radium
extraction {12].

7.3.23 Advantages and Disadvantsiges

Advantages = An advaniage
othar methods discussed w1 this chapter is that scis
cuntairung higher levels ot radicactivity can be

nf thue sAsasnse muae
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troated. Aiso, vanous facets of the process have been
developad fei extrachng uranium. and laboratory work
is underway in Canada fur extractng radium from
uranium mdl tailings. However, the development of
vanous facets of a process does not maan the entire

rrneace will waork

P e ne

Disadvantages - The main disadvantagas of this
process are that it is axpansive and has high
chemical usage. The chermical required will depend
on the soi analysis. A problem may anse with high
suifur content n tha scil interferng with radium
axtraction, Alsg, ths process needs major
development wark prior to apphcaton n extractng
radium from sod. In additon, the use of chemicais
‘ases concemns of plant salety and anvwonmental
polfluton. This approach may not be successful in
gxtracting radium, thonum. and uranum in a single
Procoss.

7.3.2.4 Iinformation Needs

The information fisted belcw must be considerad in
impiementing treatrnent procedures.

- Natura of the soil: sandy, clay, humus, silt,
- Physical and chermical propertins of the soil.
- Nature of the particle: size, shapa. specific

arawvite, rminaralanical o onarmag

g amvrafe R s e

- Radionuclide distribution with particle size.

- Nature of the contaminant: chemical,
physical, and mineralogical propertias.

- Concentravon oo of secid to liqusd forrming
the siurry,

aiur PP Gy

ioe ad o .
urg Of pretreatment.

- The n

7.2.3  Separation, Washing and Extraction

7.3.3.1 Description and Ceveiopmant Statun

Following separation, contarminated sois concsivably
can be scrubbed with a vansty of washing tluds,
followed by chemical extraction. The nature. of the
washing fluids and chericals would depend on the
contarminants and the charactansntcs of the soil, it is
most effechve to separate tha soil into tine and
coarse fractions and use the scrubbing system an the
coarsar soil fracticn o reduca the throughput and
chemical usage. The treated coarse soi mught then
be retumed to the site. The finer sod fractions and

contarunants could be sent to disposal. Depending
on tha soil grain size diatnbution, raduction in disposal

volume of so 80% may be possibie.

The agents that can he appted to sail washing are:

- Surfactants that improve the soiublity of
contaminants angd ths tuﬂdﬂ"ﬂ"‘ far
particles to separaie from larges ones,

- Chelaung agditives usad 10 chemcally raact

with metais,

the
fina

- Acid or alkaline solutions to motilize andfor to
improve solubiity of the contaminant.

Washing solution$ are basic agueous solutions
{caustic, ime, slaked lime, or industrial atkali-based
washing compounds): acidic agueous solutions
{sulfuric, hydrochloric, mitnic, citrus., phospharic. or
carbonic acids); or solutions with surfactant or
cheiating agents. Hydrogen peroxide, sodium
hypochionte, and other oxidizing agents may also be
usad A strong basic surfactant soiuton could be

anrt ennng acidic or

Y o= 131 ] wdwen e ey
we gxtracion, anc
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chalating agent sciutions can be used for metal
extracton. Strong base or acd rmight be used in
cases of high contaminant concentraton. where the
cost of chamicals is affordable and the wastewater
can be treated for safe disposal. Surfactant and
cneiating agem son cieaning are being deveioped 0
reduce chemcal and equipment Costs, maka the sail
reusable, and simplify wastewater treatment. The
surtactant and chelatng solutions have a moderate
{aimost neutral) pH, making egquipment cperstion
safer.

The EPA Soil Washing System. davelopexi by the
EPA Risk Resduction Engineenng Laboratory at
Edison, NJ, uses a scrubber extracton procaess 10
ciman soil. Piiot studias were performad to select the
aquipment for the EPA sod washar. Three unit

operations ware deveioped and proved Dy testing:

e Water Xnife Concept - A thin, {lat, high-speed
water jat breaks up clumps of sail and scrub

contaminants from larger sod partclas like stone

and gravel. Tasting showad that this concapt i3
vary affactiva.

o Rotary Drum Screener = A rotary drum was
empioyed as a pratreatment to mux the soil with
e exrractarnt and saparate ihe soi INnto iwo
partle size categorias { +2mm and -2mm),

® CExtrachonr and Separation Concapt - A four-
sitage countarfiow extraction train was designed
and built to treat the -2mm sol frachion
saparated by the drum scraener. Each stage
consists of a tank, stirer, hydrocycione, and
circylating pump. The pump moves the sod from
one stage !9 the adjacsnt stage. The
hydrocycicne discharges e soil siurry in the next
stage and returns the axtractant. The extractant
fiows by gravity as a tank overflows in a stream
from one tank o another, Counter to tha drechon
of the sod. Frash extractant 18 added 10 tha lourth
stage, and spent extractant is removed from the
first stage.

A mobie soil washing piot-plant was built using the
above features [15]. The mict-plant scheme (Figure
20) was designed lor water extraction of 3 broad




Figurw 20.

-

Simplitied process fiow disgram of the EPA s0il washer. (Reprinted from (15].)
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range of hazardous materials from spill-

contarmmnated sais.

The system can {1) treat excavated contaminated
sois, {2 return ‘he treated said to the sita. {3)

- h,
saparats the axtracied hazardnuc matanale rom tha

washing tuid for further processing and/or disposal,
and {4) decontamunate process tluids before
recircutation or final disposal. The washing fiuid
{water} may contain additives, such as ac:ds, alkales,
datergants. and seiectad orgamcs soivents 1o
anfance soii decontarmimation. The aominal
procassing rate wil be 3.2 cu m (4 cu yd) of
contarmnated sai per hour when the sail paricles are
pnmanly lass than -2mm in siIze ang up to 14.4 cu
m (18 cu yd) per hour for soi of larger average
partcie size.

7.3.3.2 Potential Applicable Situations

The concapt can be considered for use with granuiar
sod. Clay and humus soil may be difficult to Jiean
using countercurrent axtraction. Pilot-plant tastng 4
needed o datermine the affactiveness of the procass,
Thae EPA Mobie Soil Washer was used 10 remove
nonradigactive contaminants trom soil. With
squipment modilicatons and addiions and significant

bench-scale and piot-plant testing, the umit can be
far uga ta glean mdmlnmczllv

sanmcsidarand
P IS

contaminated sois.

7.3.3.3 Advantages and Disadvantages

Advantages - It is possnbie that soils can be cleaned
to accaptama iimiis. Tha same countsrcurrsnt

decantaton lachnotogy has been used in urarwm

-]

gxtraction. However, pilot plant testing is nesded 10
daeterrmine the effectivenass of this procass.

Disadvantages -~ The Scil Washing Systern needs
further davelopment 1o determine washing fluds that
are sffactiva in ramguing radioactiva contammnants

fromn sous.

The most suitable type of washing Huid must be
datenmined using 3 bench-scale test for each soi. A
procass 10 clean the contaminated washing flud lor
recycls must be astatlished through piot-plant
tastng. The process may ot work for clay or humus
solis. Sigruficant bench-scale and piot-plant testing

1$ needed.

7.3.24 Information Needs

The soil and contarminant charactenstics listed below
must be considersd in implamenting treatment
procedures.

- Naturg of the soil: sandy. clay, humus.

- Natura of the partcle: size, shape, specific
gravity, mineralogical and chernical properhes,
etc.

« Radionuciide distribution with particls size.

- Nature of the contamnant: chemical and
phvsical sropernes,

7.4 Typical Costs of Separation and
Extraction Technologiss

it must be noted that most of the cost controlling

faciors o gleaning sod ysing tha sapaeation and

extraction technology will be sata specaluc In addition,
the combined technology has not been demonatrated
o ctean radiclogreally contaminated sites. Since the




detailed process information is lacking, the cost for
this technology cannot be reliably asurmated.

However, tha estumated typical cost fer cleasa:y
nonradioactve contaminated solid using seaga:abon
and extraction technology ranges irom 4% -
$100/ton (1988 3) {7]. exciusive of oxczvatkaa.
transportaton, and disposal costs for i fractions.
These costs are not intended o he spplicakis h 2ny
parnculsr site. Costs of returming “uizan” teaied
rnaterial to a site are not inciuded.
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Chapter 8
General issues at Radiviogicaily Contaminated Superfund Sitas

8.1 Introduction

This chacter discusses some of the issues likeiy to
be associated with remediating Superfund sites that
contain radicactive materials. The discussion s not,
by any means, comprehensive. Thesa issues includs:

- disposai siting;

- handing of concentrated residuals;
- sue information neads;

- mixed wastes;

- public reaction ang acceptanca; and

- costs.

8.2 Disposal Siting

Every sitg remediaton involving radicactive matenals
must include 3 finai, snvironmentally safe disposal
siie for the radicactive matenals. Ths iotal activity of
the radionuclides will not de lessenad By any
remediation procass. aithcugh the matrix in which
they are included may be reduced in vciume by some
of tha tachnolcgias discussad.

Site selection for disposing &¢ radioactive materis is
already a sensitive issue. As noted in the discussion
of land encapsulaton in Chaptar 2, states are
beginning to restnct the use of land within their
horders for the disposal of commarcial [ow-level
waste from other states.

Any disposal site for radigactive wasta must be
selected or constructad such that it contains the
radionuclides as long as their concentrations are
unacceptable for reloasa o the environment.

There are several guidance documents available from
EPA that provida information that should be
considered in selecting the location of a disposal site
[1-4].

,,,,,,, ot -

8.3 HMandiing of Concentrated Residual;

Chemical extracthion and physical separation
tachniques applied to soi to remove radionuclides are
intended to clgan the sod and reduce the volume of
contaminated materiais. If that is done, thera will be
fractions N which the radionuctides wil be much

more congcsntrated--i.a.. the radioactivity per unat
VCHUIT‘IG wiii be much nlgner I"“lal"IGl!l'ig ang GISﬁOSEI w
the concentrated matenais will require precautions
appropriate to the activity level. COT and NRC
reguiations for containment and storage of radioactive

matenais provide guidance for this situation.

Final cisposal may be even more difficuit after vclume
reduction than it would be !f the matenal were o be
excavated. transported, and disposed of without
traatment for voiume reduction. In addition (he
"clean” fractons may comtan tracas of toxic
chemicals used in the treatment process. along with
some traces of the radicactive contaminants.
Therefora, these fractions aise may require
environmentally sate disposal.

Any attempt to put “cleaner” soil oft site is likely to

maat unth tha Sama rogictanca ac !Qﬁ:hng a chepnsal

site for all the material in tha first place. The goal
would be to have a portion clean engugh to he
repiaced at the site.

8.4 Site Information Needs

For many sites, availabie informaton is limited
reagarding the detaied physicai., chemical, and
minaralogicat characteristics of the matrix materials
associated with the radioactive contaminants. In some

* cases., aven tha nature of the radionucides present
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does not appear 1o be known with certamnty. Maore
detated information is essential W use of chenucal
extraction andl/or physical separaticn techniguas 1S
considered.

i

Aliwened

waxeg w astes

Sitas that comtain radioactive waste matenals may
also contain other types of hazardous wasta. Soma of
the Superfund sites contain vanous types of
hazardous wastes and the radicactve portion may
nage a rgiaggualu mingr thraat hy compansan. Tha
presanca of other hazardous matenais may
cumplicate dealing with the radioactive portion of the
waste and vice-varsa. This 1S an issue that i likely
10 arise at many Superfund sites and would impact
the ocossible utulity of somae of the raemadiation

ubesimivney bl

- 4 s T
technologies. Ths disposition of waste containing both

i3

i
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radiological and chemical constituents (" mixed
wastes”) poses unique crobitems that will have to be
addressad early in the technology screening process.

8.6 Public Reaction and Acceptancs

Public concams with respact to Superfund sites may
be magnified whare radioactive wastes exist.
Concerns can be expacted regarding the
contaminated site, moving tha matenat (if necessary),
any processing or treatment focatton, and linal
cantainmant.

8.7 Custs

All methods with the excaption of in situ techniques
will involve excavation costs for the materials.
Applicatien of some of the technologies may resuit in
a reduced volume of radiologically contaminated
materiais @ be seni 10 a secure dispusal suilabie for
such matenals. The cost of such disposal would
includs transportation and fand encapsuiation. The
"cleanar” fractions ramaining after a treatment
process is commpleted must be analyzed for residual
contamination and evaluated for replacement at the
peint of ongin or at a suitabie altematve sue. Thers 1S
a cost associated with this placement,

Costs associated with a treatment lechnology can be
divided into davelopment and implemsntation costs.
Development costs include several stages of
laboratory tests, studies and process designs ieading
to pilot-scale testing, and final design. Additional
development costs invaive fabncation, shakedown,
and final testing of a full-scale systemn under
controlled and field conditions, Thesa costs could
ranga from under 51 million for a small system
applicatle to one speciic type of problem to many
miilions for a larger system with numercus
subsystems, and applicable to aumerous types of
prcblerns,

lomos i monfradimon momodee taimoare o beaAtRAAr  Aradism
i noiauwtl COSI3 WiOsh & ogunohnl SRuoh i3

chasen for a given site include mobilization and
demebilization, and cperatng costs. The mobilization
costs include all costs associated with performing
site-specific laboratory and/or pilot-s¢ale testing;
selecting an gperating site; preparing any permit
appiication matanais or other adminisirative
documentation necessary for operations; interface
with local, state, and federal officials for such permits;
transportation, setup, and shakedown of the treatment
system on the site (inciuding any site modifications
such as installation of water supply wells, power, road
access, operating areas, buildings, and other such
logistical site 'eaturss); parforming site-specific
tasting to determine if the full-scale system performs
according to the Iaboratory and piict-scale
predictions; and any other pre-operating types of
costs. Mohilization costs may range from a few tens
of thousands of dollars for a simple, small site to

multipie millions at a site with a large. compiex
instatlation where complicated permitting issues have
been nvolved.

After cperaticns are completa, demobilization CO0st3
incurrad include those associated with
decontamination of tha entire system and surrounding
oparating site, disassembly and transport of the
system, final derermination and documentation that
the treatment site has met the ARARs and has been
brought to a stata protective of human heaith and the
anvrronment, precaration ot gperations documenta-
hon, and any other sile-speciic COsts associated
with fhﬂ nnqr-nneratmn nanad Thesa casts can

. range irom a few tens of thousands of dollars to a

£8

million dollars or more, depending upon the
complexity of the installation angd the dagree of
contamnation.

g N Y 7 mll thmmssa lmimme o matarial
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costs needad to operate the treatment sysiem at ths
site. sometimes on a 24 hour-per-day basis; to
provide for site secunty and personnel safety; to
maintain record-keaping including permit-retated or
mandatory administrative documentancn for all site
actions; and to maintain the system in good operating
order. The costs per ton or per cubic yard must
inctude ail applicable oparating costs. These
operating costs per cubic yard are dependent upon
the capacity of the treatment systam and the
percentage of the time that the system 1s operating as
opposed to being in a maintenance mods.

Cperanng costs depend largely upon the cost of labor
at the sita. Special protectve clothing and special
handling of the comtaminated matenais {particularly
the concentrated matanals) could raise labor costs
well above those that might be expected for a
comparable crew size working at a nonradioactive
Superfund sita. Some costs may be reduced due to
efticiencies in personnel monitoring and
decontamination of workers and equipment compared

n omma At tha lanathe arasanorae ramuiroan fn-
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hazardous chemucals, since radiation 15 relatvely easy
to measure, sspecially compared to many chemicais.

Qverall, the operating cost. if it is assumed to be
simiar to on-site incineration operatians would
probabiy range from several hundred doilars per cubic
yard for a large, high-capacity system with a high
percantage of cperating time, o several thousand
dotlars per cubic yard for smaller capacity systems
having numercus maintenance probiems and a large
craw.

The costs must include disposal costs for
concentrated material and will be highly dependaent on
how far treatment must be taken to allow unrestricted
disposal of the “cleaner” portion.




The costs of traatment for individual sites and groups
nf sumiiar sites can be exammed in further detall 10
determine the hkely ccs's af such treatmant ang now
those costs .ompara +*h the costs of transponabeon
off site 4and land encapsulation.
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Chapter9
Criteria for Further Studies

§.1 introduction

Any cheice of remediation technoicgies for radioactive
wastas at Superfund sites would have o be site-
specific. Since none of the chemical extraction and
physical separation technologies has been used in a
site ramediation siuation. their application must be
approached cautiously. The same hoids true for
soiidification or stabilization processes. Essantially,
only land encapsulation has been usaed to remediate
simitar sites; ocean disposal has been used for low
lavel radioactive wastes [1-3].

9.2 Alternative Assessment Studies

A complate site characterization would inglude

minaral analvsie narhiclta aizae distrbution, radionuclido
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contaminant distnbution on various size fractions, sail
texture and permseability, mmsture contant, etc. A list
of some important site and wasta charactenstcs that
may affect the applicability and sftectiveness of
vanous technologes is presented in Table 19 {4].

Sinca further developments and studies on aiternative
tachnecicgies for each Supe-tund site may be very
expensive, it is important to study the pattemns in
waste characteristics at various sites and develgp
waste groups with simiar major cnaractenstics.
Alternative assessment studies can be ussed to heip
seiact the aitermativa tecnnotogies to treat sach waste
group. Thus, a prediminary screening of technologies
can be accomplished based pnmaniy on the wasie
characterstics.

Based on these altemative assessment studies., one
or more technotogies, individually or in combinabhon,
can be selectad for turther investigation.

Physical separation and combmed physical separancn

and chemical extracton techniques wilt not apply if
radionuelidec ra unifnemiy distributad through ail the
soil size fractons., This, however, is unlukely The
highest concentranon of radicactive materals appears

to be contanad in very fine particles (5,8].
Chemical extraction technologies may be appiicabile

to taings and coniaminaied sois bul may not bs
applicable o buiding debris and contaminated

Preceding page blank

Tabie 19. Site and Waste Characteristics that Impsct
Hemediation Technaiogies

Site Characteristics
Site Volume

Site Area

Site Confiquranon
Disposal Metnoas

Clmate
Pracipitabon

«  Temperatue

«  Evaporanon
Sod Taxture and Pemmeabity
Scod Morsure
Slopa
Dramaga
Vegatanon
Wasie Characiwrisics
Quanuty
Chemca Composiion
Mineral Compnsminon
Acute Tomesty
Perastenca
Bodeqgradaboty
Total Ramoactty

Radisompes and Concentrabon
Igrutatehty

Reactty Comosveness
Treatamury
Thermal Propertes

Qenth of Bacrock
Depth o Aquciudes
Degrea of Contamnaton

Claanup Requirements

Diraction and Rata of Grounad-
water Fiow

Recepiors

Doniang Water Wells

Suriace ‘Wainrs

Ecoiogical Areas

Exsung Land Use

Deuins of Ground Water

or Plumea

Infactousness

Solubxity

Volabiity

Censity

Partoon Coeficent

Sate Leveis i the Ervwronment
Compatisity wath Other
Tharmcals

Parncis Size Distnbudon
Radicactvity DistnDubon wath
Paricie Size

Source: {4}

equipment. Chemical axtraction technigues may not
clean soill and tailings that contain a large gquantity of

refractory minerais [7-3].

Discussed in this chapter are the vanous studies
needad to evaluate the tachnologies for thair
applicability to site remediation.

9.3 Treatability Studies

Whaen one or more ramediation concapts are seiected
that appear applicable, plans may ba made for
nanch-scate lahoratory studies. Success there could

lead 1o pilot-scale tasung and eventually to full-




scale demonstration af site cleanup. This step-wise
procedure can permit stopping or redirecting
development of a remediaton technoiogy that
appears unfruitful. Carefuily developed work plans
and quality assurance plans must precede each step.

salactad

ahout

Mora detaded tha

technolagies would be devsloped at the bench-scaig
stage. Examples of banch-scale studies required
include:

infarmation

- For sclidification or stabilizaton-sefecticn and
performance avaluation of soiidifying agents
compatble with the chemical compositon of
the specific wasta group.

- For flotation-deveiopment of surfactants that
enhance the removal of the contammant in
snecific mneral form while suppressing the
other minerais in the specific waste group.

- For chamical extrachon with inarganic saits -
identification of specific inarganic saits and
deterrminatbon of reigvant process parameters
to effectively extract the radionuclide
contaminant from the spaciiic waste group.

dased on the information developed in these studies,
detaled remediation processas can be selecled that
may involve muitiple technologies. Selection of any
process must inciude considaration of whaether
:nnrnnna!g disnnzal mathods ars avaiiabla for both
the concentrated fractions and the "clean” fractions.
Preiiminary cost informancn relative to sach of thesa
grocesses wouid ba deveioped along with
performance expectations. Thae critaria used to
avaluate these procassas so that some processes
could be seiectad for further devsicgpmisni could

include:

- Amount of expected waste volume reduction;

- Radioacuvity of the expected “clean”
fractions;

- Applicabiity to other wasta grougs:

- Technuological uncertainty;

- Potentiai risks to remediation personns;

« Potental to construct mobide or transportabie
units;

- Generation of any toxic by-products or
effluants;

-  Potennal to coremediate other hazardous
¢charmcals in the specific wasta group;

- Total ¢ost of remadhation; and

- Disposal sie avadabiity.

9.4 Pliot-Plant Studies

After all the criteria listed above are weighed
aporopnately, it is expected that no more than one or
two processes may qualify for pilot-scale tasung for

T T e
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The pilot testing would be used to develop bdetter
infarmation on the performance of the process,
assessment of technical probiems, and costs. Testing
must be carmed out over a signficant duration to
adtain retiable data.

#or fiald damonstratinn and fuil-scaie site
remadiation. the criteria applied earlier could he uysed
1o salect a remedhation process.
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Chapter 10

Conciusions

This repgort provides a technical review of the
tachnologies that may be useful in removing
radionuclides from radiologically contaminated
Superfund sites. As a result of this review, tha
followng conclusions have emerged:

10.1 Technological Approaches

Alteration or remediaton of the radicactive
decay process, thus changing the
fundamentsl hazard, is not possible.

Remediation, to date, has only invecived
removing contaminated matarial and
containing it in above-ground land
encapsulation, drumns, or temporary storage

Tl s YOS i = i
This approach has substantal tachnical

SHED.

hackup.

Altemative treaimnent technoiogies thal may
warrant further study include soiidification,
vitrification, chemical extrachon, physical
separation, and comoinations of physicai
separation and chemical extraction. Even i
thesa treatment technologies were affective,
some lorm of final disposal wouid always be
needed.

Various remediation technclogies may have
potential to reduca the volume of the
contaminatad wasta with an associdted
increase in concentration of the rachoactive
materiai.

Remediation technologies generally resul in
the disturbancs of contaminated material. The
additional risk to human heaith and the
anvironment must be weighed against leaving
the contaminated materiais on-site n a

contained state, ¥ that is an qption,

Physical separation andfor chemical extraction
tachnologies can potentially concentrate the
contamination, thersby reducing the volume

and weight of the wasie material for final
disposai.

o

Remediation may inctude soil ventilation and
shieiding around homes to protect pecple
from radon and gamma radiation exposure.

Ocaan disposal could potentially be a
lechmically wiable method.

10.2 Disposal

-

All nonresidual waste must be disposed at a
finai site that is designed 10 meei security and
longevity criteria appropriate for the
concantration of radioactivity that is presant.

Capping could be a mare suitable method
than areal removal of radon for controiling
radon amissions from large sources.

10.3 On-Site Treatment

Solidification and vitrification tachnologies do
not reduce the amount of the ¢ontamnaied
matenal. However, they may immobilize the
contamination in the waste material thereby
increasing the etectiveness and safety of the
conventional remadiation (e8.g.. land
encapsuiation). Solidification may actuaily
increase he voiumae by the addition of the
soliditying rataenais,

10.4 Chemicai Extraction Technology

Saeveral chemuical extraction technoiogies
have been studiad in the laboratory by
vanous investgators. Thaese include the use
of sait solutions, mineral acids, and varnous
complexing agents to axtract the radioactive
eontaminants from the soil. Several of these
axperiments had relatively high extraction
efficiencias. For example, up o 97 percent
radium and 99 percant tharium were removed
using nitng acid and up to 92 percent of
radium was ;:frnoved from uranium milt
toilimema 1 A
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Chamical extraction tecnnoiogies potenually
appiicable for treanng radioactive wasias at
Superfund sites are teing researched and
investigated. Significant deveicpment woark at
bench and pilot sczle would be required
pafore these technologies could be utiized at

.
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10.5 Physical Separation and Reduction

Physical separation technologies can only be
useful for those waste maternals n which the
radi.active contamnanon resides in 3 certain
paricte size fraction. This information about
* the wasta matenals at the 20 Superfund sites
is not presently avalacle in sufficient detail.
Extensive soil characterization i$ required at
these Sugerfund sites 0 Detftar estabhsh the
applicawiity of the physical separation
technologies.

The physical separation technologies are at a
matura stage of development. A significant
selection and variety of hardwars are
avaiabie in the uranum miming industry. #
datailed soil characternistics at the
radiologically contarmmated Suparfund sites
are developed, it couid be possible to design
spacific systems for further bench-scale and

caline_omemomi [ e
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10.6 Combined Physical Separation and

Chemical Extraction

At a specific sita. using a combination of
physical separaton and chemucal axtraction
techroicgies is likely to be more effactive
than using aither typa of technalogy
saparately.

it is important to note thal in some cases
there may be lwo categonas of residual
contamination: procass wasies and soils
contaminated with isolated radionuclides or
groups of radionuctides., Whila ramoval of the
ragicactive fractions of soils contamunated
only with single radionuchides such as
uranium or plutcnium might resuit in "clean”
fractions acceptable for unrastnctad disposal,
ramoval of the radioactivity from a soil also

P P
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coniarminaied with process wasies may nol
In the second casa the ncnradicactive
fractions of the residues couid resull in an
unaccsptable product. Therefors, before
considering any separation technique, it is
necassary that accaptable limits for both the
radiological contaminants and the noA-
radioiogical comaminants be defined, in somse
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cases. muitipte treatmants or combined
technoiogies couid be required to achieve
environmantal goals.

Every site remediation involving radicactive
materials must invoive a final, environmentally
safe disposal site for the radigactive
materials.

Evan if it proves ieasible at a parucular site to
lower the concentration of radionuctides in the
soil Dy physical separation and/or chemicai
gxtraction to some acceptable level, the
“sigpan” fractions are likely to contan 'races
of radionuclidas. Therefore, adequate
attention must be given to whether the
"eslpan” irachons may be returned to the
original site or an unrestricted lacaton of
must De sent o a disposal sitg.

When developing technologies for cleanup at
a site. 1t is essentai that a step-wise
procedure be used. This should bBegin with
assessment studies and bench-scale
tasung, iofiowed by pilot-scale testng. Oniy
if these ara successful shouid full-scale
demonstrations be antempted. Carefuily
developed work pians and quality assuranca
plans should precade aach step.

10.8 Site Characteristics

-

Twenty Superfund sites have radiotogically
contamninated soil soread over $500 acres. Of
thasas sites, five are DCE sites (3 FUSRAP
and 2 SFMP). [Data presantad here are
accurate as of Decernber 1987,

Any choica of remediation technologies for
radioactve waste at Superfund sites would
have to be site specific. Extensive site soil
characterization Siudies. such as
mineral analysis. particle size distnbution,
radionuclide-contaminated distribution. sail
texture, and permeabiiity, wouid be required
pricr to deveiopment and appiication ot most
of the tachnologies. land encapsuiation beng
an axception.
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Appendix A
Applicable Laws, Regulations, and Guidance

This appendix brefly presents some of the laws.
regulations, and guidance that are part of the
framawoark within which technoiogies may be seiected
for remediation of Superfund sitas. This report does
not attempt nor is it intended to provide a complate or
detaiied anaysis of how vanous iaws. reguiauons, and
guidance &pply in general or at a specific Superfund
site, nor is it intended 0 set or interprat policy for tha
selectior or usa of technologies to clean up any
Supertund or ather hazardous waste sita.

Superfund sites are remediated under the provisions
of the Comprehensive Environmental Responsa,
Compensation, ang Liatiity Act of 1980 (CERCLA} as
amenced by the Superfund Amendments and
Reauthonization Act of 1986 (SARA). Several sections
of CERCLA and SARA are pertinent !o the intent of
this document,

EPA undertakes remedial investigation and feasibility
studies (RUFS) at Natonal Prionties List (NPL) sites
whare there is a release of a hazardous substance or

thraat of releasa, o

pollutant or contaminant, or
idenufy those raleases and their nawre, along with
planning and investigations necegssary 0 direct
response actions. Radiologically contaminated sitas
have qualified for tha NPL.

Section 311 of CERCLA, commaoniy raferred (o as the
Superfund Innovative Technology Evaluaton {SITE)
program, prowdes for demonstrations of alternatve
technologres n the cleanup of sites on the NPL.
Radiologically contaminated sites and treatmant
tachnolagias., surh as those described in thig
document, may qualify for demonstration under this
program. The SITE program generally requires that a
tecnnology developer bear the cost of demonstratng
his tecnhnclogy, wiiie EPA bears the cost of s
avaluation. Proof of concept laboratory results must
be supplied by tha technology developer betore EPA
can consider funding a demonstration under this
pragranm.

SAAA Section 118(m) (not an amendment o
CERCLA) states that it is tt.9 sensa of Congress that
fully demcnstrated remadiation maethods, such as

off-site transport and disposal. are aol necessaniy
required at sitag on iNe NPL because of the presanca
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of radon. This saction states that innovative or
alternative methods that protect human heaith in a
mora cost effective manner may be used.

SARA Section 121 (Cleanup Standards) states a
sirong siatuiory preference 1or remedies (hai aig
highly reliadle and provide tong-term protection. In
addition to the requirement for remcdies to be both
protective of human heaith and the envwonment and
cost-affactive, additional remedy sailection

consideratons in 121{b) include:

& A preference for remedial actions that employ
treatmeant thot permanantly and sigrificantly
reduces tha wvoiume, toxicity, or mobility of
hazardous substances. pollutants, and
contaminants as it$ pancipal slement.

o Offsite transgort and disposal without treatmant is
the least favorad altermative where practicabile
treatment technologies are available,

The need to 2gsess the usa aof permanent
solutions and ailternative lreatment technologies
or rasgurce recovery technologies and use them
to the maximum extant pracucable.

Section 121(d)(2)(A) of SARA incorporates into law
e SRETINIMG A PN bl Vi aebe b semasa i a bhaasd
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Superfund remedial actions meet any Federal
Standard requirements, critera. or limitanons that are
legaily applicable or relevant and aporopnate
requireaments (ARARS) under any Faderal or state
environmental law.

CERCLA Section 104{a)(3) limts Federal response
authority for releaseas of naturaily occurning
substancas in locations whore they are naturally
foun. Mowever, this section does not apply for many
of the radiologically contaminated Superiund sites.

The Low-Level Radioactive Wasta Policy
Amendments Act of 1985 (LLRWPAA) requires states
ard compacts to develop swng plans for low-tevel
radicactive waste (LLW) disposal taciites by January
1. 1988, These disposai facilities may receive
commercial mixed low-level radicactive and
hazaroous wasta (Mixed LLW), which s requiatad by




the U.S. Nuclaar Ragulatary Commssion (NRC)
under the Atorme Energy Act (AEA} as amended. and
by the EPA under lne Resource Conservaton and
Recovery Act of 1975 {RCRA), as amended. NRC
has promuigated LLW regulatons and EPA has
issued guidance that pertains to the siting

requirgIments for dnSp"GSE’ facikitias for Mixad LW,

Sechon S5(e)(1){B) of the LLRWPAA requwes states
and compacts to develop siting plans for LLW
disposal faclines by January 1, '988. In additon to
other informanon. these siing plans must dentify, (o
the extant practcabie, the process for (1} screenmg
for broad siing areas. (2) dentfying and evaiuating
specific candidatz sites, and (3) charactenzing the
preferred site(s). It is anticipated that this process wili
be tased primanly on the site suitagiity requiremants
that apply to LLW disposal. If facihities aiso recaive
Mixed LLW, their siting requirements will reflact
agditonal requirements that apply to disposal of
hazardous waste as defined by RCRA,

Combined NRC-EPA Sibng Gudelines for Disposal
aof Commercial Mixed Low-Lavel Radioactive and
Hazardous Waste (see Addendurn) provide guidance
to faciitate devaiopment ot siing plans for disposal
faclites that may receiva Mixed LLW.

Jont NRC-EPA Guidance as a Canceptual Design
Approach Mixed Low-Leve!
Radicactive and Hazardous Waste Disposal Faciiites
{see Addendumn) presents a conceptual design
approach ‘hat meets the requiatory requirements of
poth agencies for the safe disposal of Mixed LLW.
Other designs, or vanations on the proposed design
congeptl. may aisg be accepiabie under ihe
recquraments of both agencies and wil be reviewed
on a case-py-case basis as received.

frae Mammarnial
gr Lommearcias

Standards developed under Section 275 of the
Atormic Enargy Act and Section 206 of the Uramum
Mill Tabngs Radiaton Cantrol Act of 1978 may be
apphcable or retevant and appropnate on a site
specihc basis to the cleanup of radiclogically
contaminated Superfund sites. In January 1983, the
EPA promuigated 40 CFR 182, Health and
Environmental Protection Standaras for Uramum and
Thonum Mill Talings under authonty of these Acts.
The pertinent standards are contained nn 40 CFR
182,12, 1§2.32. and 192.41, and deal with the
acceplabie leveis of radioactivity i residual maternals

and rawalion amission levels from them. and with
disnnsal ramawramente, Tha csnosal raaquiremants

s mrien o LR LhTALE L

include a cesign lile of at least 200 years and
preferably 1,000 years where reasonably achevable.

The Depantment af Enargy (Office of Nuciear Energy)

operates four remedial action pro;acts far
ragigiogically contarminatad sies that paraiisl EPA’3

Superfund program. Remedial actons have been

completed or are in advanced stages at some of
thesae sites. Thesa DOE projects are as follows:

1. Formerly Utiized Sites Remedial Action Project
(FUSRAP) under authonty of the Department of
Energy Organization Act of 1977,

2. The Uranium Mil Taidings Remedial Action Project
(UMTRAP) under authority of Public Law 95-
§04. the Uramum Ml Taidings Contral Act of
1978,

3. The Grand Junclion Remedial Action Proiect

(GJRAPY under Pubiic Law 92-314 (1872)
amended by Public Law $5-226 {1978).

4. The Surplus Faciiities Managemaent Program
{(SFMP) under authonty of the Department of
Enargy Orgamization Act of 1977,

These projects ara descnbed in Appendix 8.

In additen, DOE’s Cffice of Oelense Waste and
Transporiaton Management (DWTM) is responsible
for sately managing defense wasle as Jgenerated,
transporung it, and stonng it. and 15 also responsile
for deveioping and implementing the lechnology
needed for long-term management and eventual
disposal of tha waste.

One of the options tor radioactive waste disposat is
ccean aisposal. Ocean disposal 15 controiled by
raquiations undar the Marine Protection, Research.
and Sanctuanies Act of 1972, as amended. The
ragu!atlons are contaned in 40 CFR Parts 220
through 229 and are gumrantly Deng rovised, Perhaps
tha mast pertnent are tound n 40 CFR 227, Cntena
for the Evaluaton of Parmit Applications for Ccean
Oumping of Matenals. A umque provision of the Acts
that a permt may not be issued by EPA tor ocean
gisposal of radicactive matenals withaut the approval
of both Houses of Congress. The AcT profidis ocean
disposal of tigh level wastes; only low level wastes
are eligible to be considered far a parmit.

Although this document has been specitically directed
al tha r~mediation ot Superfund sites, it may have
apphcats. ./ to permitted sites that requirg corvechive
actions under RCRA as amended by the Hazardous
and Soid Wasie Amengmaents of 1984 (HSWA). A
RCRA sie can be placed on the CERCLA NPL il the
operator 1s bankrupt, unwilling to carry out correcuve
actton. or has last his authonzaton to operate (see
Preamiple to 40 CFR Part 3C0. June 10, 1986).




Addendum 1 - Combined NRC-EPA
Siting Guidelines for Disposal of
Commerciat Mixed Low-Lavel
Radicactive and Hazardous Wastes

introduction

The Low-Levai Radioactive Waste Policy
Amendments Act of 1985 (LLRWPAA) requires statas
and compacis to develop siting plans fur kawv-level
radioactive wasta (LLW) dispasal faciities ty January
1, 1988. Thesa disposai facilitias may receive
commarcial mixed low-level radicacuive and
hazardous wasta (Mixed LLW), which 1s regulated by
the U. S. Nuclear Regulatory Commission (NRC) the
Atormic Energy Act (AEA), as amended. and by the U.
S. Enviranmantal Protaction Agency (EPA) under the
Resource Conservanon and Recovery Act (RCRA),
as amended. Mixed LW is defined as wasta that
satisfies the defimtion of LLW in the LLRWPAA and
contains hazardous waste that either is listed in
Subpart D of 40 CFR Part 261 or csusas the LLW to

i b o b 7] ]  n
giiioit any Gi the hazardous wasis charagtansucs

identfied in Subpan C of 40 CFR Part 261. To assist
n applying that defunton, NRC and EPA recently
developed joint guidance entitled "Guidance on the
Defimtion and 'dentification ot Coammercial Mixed
Low-Level Radicactive and Hazardous Waste ang
Answers 10 Anucipated Juestions”™ {Jan. &. 1387},
NRC has promuigated LLW reguiatons and EPA has
promuigated hazardous waste requiattons that pertan
o the siting requwements for disposal facikties for
Mixed LL\W. Because of uncertanty about the prec.se
content of EPA’s future locanon standards. states and
compacts may have questions regarding the site
selection process. This document provides combxned
NRC-EPA siting guidelnes, to be usad bafore EPA's
new location standards are promulgated. o faciitate
development of siting plans for disposal facihities that
may receive Mixed LLW.

Section S{e){1){B) of the LLAWPAA requires states
and compacts to develop sitng plans for LLW
disposal facities by January 1, 1988. In addiion to
other information, thesa sitng plans must dentfy, to

tha awtant gfarhn-_nhla tha procass far HI screening

tor broad siing areas, (2) :denhifying anc evaluating
specific canddate sites. and (3) charactenzing the
prefarred site(s). it 1s anucipated that the process wil
be based pnmanly on the site switabiity requiremaents
that apnly to LLW dcisposal. f facthhes also recewe
Mixed LLW, iher sing requiremenis wail reflect
additional requirements thut apply !o disposal of
hazardous waste as defined by RCRA.

in 1982, NRC promuigated requlations which contain
mnmum site suitability requiremants for LLW land
disposal faciities in 10 CFR 61.50. EPA has also
promuigated minimum location standards for

hazardous waste treatment, storage and disposal
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faciipes in 40 CFR 264.18. Consideratons affactung
siing are also found in 40 CFR 270.3. 270.14¢b) and
{c). Although both NRC and EPA have incorporated
siing requirements N axisting requlations for LLW
and hazardous wasta disposal, respactively, the 1984
Hazardous and Soid Waste Amendments (HSWA) to
RCRA reguire EPA to pubbsh guwdance identifying
areas cf vutnerable hydrcgeciogy. In July 1986, EPA
published this gudance in "Critera for Identifying
Argas of Vulnerable Hydrogeotagy undar the
Resourca Conservation angd Recovery Act -
Statutory Interoretative Guidanes, Juiy 1986, Intenm
Finat (PB-86- 224953} The 1984 HSWA aiso
requires (in Secton 3004{0)(7)) that EPA specity
critania for the acceptabls iocanon of new and existing
hazardous waste lreatment, siorage, and disposai
tacibties. EPA antic:pates proposing these location

07 o
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siandarcs ifi auplulllucr 1987 and promiigaiing e

in final form by September 1388.

EPA's scheduled date for promulgating its final
tocaton standards is mine months after the LLRWPAA
January 1, 1988, muestone for non-sited states and
compacts o develop siting plans. Therefore, staisgs
and compacts may requirga some assisiance in thesr
efforts o develop siing plans for LLW disposai
factdines that may recewe Mixed LLW. The two
agencies are issuing these combined guideines 10
oromote the development of sittng pians by states
and compacts. Boih NRC and EPA consider that the
absence of EPA’'s finral comprehensive l(ocation
standards for hazardous waste disposal laciites 18 an
adequate basis lor stales and Compacts o deiay
development of siing plans for LLW disposal.

States and compacts shouid proceed at ttis tme 0
develop siting plans N accordance with the existing
NRC and EPA reguirsments. The following combined
NRC.EPA guideiines are prowided for use by the
statas and t.ompacts. and are based on exstng NRC

[P "M Maes &4 waad A s i

ruguidnun: Ill IU CFP‘\ rare 01 g I;I-H !Wulauuua i
4 CFR Parts 264 and 270. As EPA continues its
development of location standards. both agencies wiil
strive 10 keen staies and compacts wiormed about
tne status ot the developmng siing reguirements.

Comisined NRC-EPA Siting Guidelines

Site suttabikty requirarnents for land disposal of LLW
are provwded n 10 CRF Section 61.50. These
requraments conshiuteé miNnimum techmcal require-
ments for geologe, hydrologic, and demographic
charactenstics of LLW disposal sites. Several of
thasg requirements identity favorable site
charactenstic for near-surface disposal facities for
LLW. The maionty of the sita suilability requirgmants,
howavar, identify potentially adversa site
charactenstcs that must not he present at LLW
disposal sites. The site sunabiity requirements in 10
CFR Pam &1 are .1tendsd to function coHactively with
the requiraments for faciity design and operaton. site




closure. waste classification and segrigauon. wastie
form and packaging. and institutional controls {o
assure isoiabon of LLW for the duratton of the
racicloqical hazard. Tha NRC Techmecal Position
antitied ~Site Suttabiity, Selsction, and
Charactenzanon” (NUREG-G30Q2) provides detaded
guidance on implementing the site suitability
raquiraments in 1¢ CFR Part 61.

EPA has also promulgated certaut rmnimum lecation
standaras for hazardous waste treatment, stgrage.
and disposal facishes. These standards are provided
in 40 CFR Section 264.18. As previusiy noted, the
hazardous waste requiations ziso include other
location considerations as well as apolicable
provisions of other Federal statutes. For exampie,
Subpart F of 40 CFR Part 264 requires establishment
of ground-water monitoring programs capatie of
detecting contamination from land disposal unts.
While not 3 siing cntencn per s8 this regquirement
can preclude sitng in locaucns that cannot be
adequatsly monitared or characterized. A further
dascription of location-reiated standards and
applicable provisions of ciher Federal statules can be
found n the “Permnit Writers" Guidance Manual for
Hazardous Waste Langd Storaga and Qisposal
Facdines: Phasa | Crweria for Locaton Acceptabibty
and Ewmsung Applicabla Regquianons” (Final Draft -
Febryary 1985). This guicanca manual describes five
criena for determining location acceptatiiity: ability 1
charactenze, exclusion of high hazard and unstable
terrain, ability to monitor. exclusion of protected lands,
and dentdfication of areas of vuinerable hydrogaelogy.
The first four of these critema have a basis n the
requiations ang are fully descnbed in the manual. The
fifth cntenon, vulnerable hvrrogaology. 1S defined n
the RCRA mnterpretive guidance manual mentioned
above (Cntena lor Identifymng Ardas of Vuinerabie
Hydrogeology under tne Resource Consarvaiban and
Racovery Act-Statutory Imterpretive Guidancu. July
1986, Intenm Final (PB-86-224953)).

Howeaver, since HSWA also added other requiraments
W addihon 10 locanon standards to prevant or mitigale
ground-water contamenation, EPA racogrizes ihat
vuingrable hydrogeology must be considerad n
conunciion with design and operatng prachices.
Vulneratility shouid not be the scle determining fact
in RCRA siing decisions. Rather, this cntenon
arovidas a tringer tor more detaded evaiuation of sites

that are denufied as hawving potentally vuinerable

hydrogeciogy. The extent of necassary site revisw
and evaluation 3 related directly to the extent to
which a locauon “tals” or “nassas” the vuinerabibity
entenon. Sitas that are determined to be axtremely
vulneiabie wil require much closer examnanon than
sitgs that are deemed nnn-vuinerable. The resuits of
this more detaded review may then provide a basis
for eventual perrit condiions or moditcatons n

desKkn or oreratng practces.

8y combining the above techmical requirements,
stangdards. and guidance of ooth agencies. NRC and
EPA nave formulated the eleven gudelines listed
below. The usa of terms in the guidetnes is
cansistent with ther regulatory defimbon i 10 CFR
Pant 61 and 40 CFR Pans 260 and 264, The
combined set of focauen guidelines 1s intended by the
agencies o appiy only 3s guidance to states and
campacts developing sitng plans for LLW disposal
factittes that may racaiva Mixed LLW. These
comtined guidelines ara not :ntended to dispiaca
ewsting standards and guidance. In addition. the
indagendent guidance of both agencies should be
considered n any appication of the combned siting
guidelnas.

The combined siing guidelines for a commercial
Mixed LLW dispasal facility are as follows:

I. Primary emphasis in disposal site suitabdity shouid
be given 10 1solauon of wastes and to disoosal site
features that ensura tnat the long-ierm peormance
cbjectives of 10 CFR Part 81, Sutpant C are mel.

2. The disposal sita shail be capable f bemng
charactenized, modeled, analyzed, and monitored. At
a minimum, site charactanzation must be able to (a)
delineate ground-water flow paths. (b} estimate
ground-water flow velncihes, and (c) determing
geotechnical properties sufficiantty to support facibty
dasign. At a mimmum for site ground-water
momtonng dispasal sita cperators must be adle to (a)
ageass tha rate and diracnon of ground-water flow
the uppermost aquifer, (b) deterrmine background
groynd-water quahty, and (c) promptly detect
ground-water contamnanon.

3. The disposal site must be generaily well-drained
{wiih respect o surfacs water) and !res of areas of

floading or frequent ponding.

4. The disposal sie shall not be n the 100-year
flcodpian.

5. The sila must be (ocated so that upsiream
drainage areas are mimmizad o decrease the amount
of runoff that could erode or wundate waste disposal
umils,

6. Disposal sites may not De locaied on lands
specihed in 10 CFR Secton 61.50(a)sh mciuding
watiands (Clean Water Act) and coastal gh hazard
areas (Coastal Zone Management Act). Locatnon of
laciibes on the Ioilowing lands must be consistant
with requwemenis of applicable Federal statutes:
archeglogical and histeric places {Nahonzl Hestons
Placas Act); endangered or threatened hirnilla
{Endangered Species Act):. national parks,
monuments. and scenic nvers {\Wild and Scer..
Rivers Act): widaerness areas (Wilderness Protecuon




Act): and widiife refuges (Matonal Wildlife Refuge
System Administration Act).

7. The dispasal site shouid provide a stable
foundaton for engineered containment structures,

8. Disposal sites must not be located in areas where:

(a} tectonic processes such as faulting, folding,
sSeSmic activity, Or vuicamsm may occur with such
frequency and extent to affect signsficantly the abity
of the disposal faclity o satsty the performancs
objectivaes specified in Subpart C of 10 CFR Part 61,
or may preciude defensible modeling and prediction
of long-term impacts. in particular. sites must be
located mora than 200 feel from a fault that has been
actuve dunng the Holccene Epoch;

(D) surface geologic processas such as mass
wastng, erosin, slumping. landsiiding, or weathenng
occur with such treguency and extent to atect
significantly the ability of the disposal faciity to mee?
the pertormance objectuves n Subpart C of 10 CFR
Part 61. or may preciude defensidble modeiing and
pregiction of long-term mmpacts:

(¢) natural resources exist that, if expioited. would
result in falure to meet the performance abjectives in
Subpart C of 10 CFR Part 81;
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(d) projectad populatton growth and luiure
developments within the region or siate whers the
facility i$ 1o be located are likely to aftect the abiiity of
the disposal facility to meet the performanca
objectives n Subpart C of 10 CFR Fart 61; and

(@) nearby facilities or activites couid adversaly
impact the disposai faciity’s ability to sansty the
pertormance ocbjectives in Subpart C of 10 CFR Pant
61 or could sigehcantly mask an environmentai
monionng program.

9. The hydrogeoiogic umit beneath the sita shall not
discharge ground water 10 the land surfaca within the
disposal site boundarnas.

10. The water tabie must be sufficientlty beiow the
disposai iaciity 10 prevemi ground-water inirusion
into the waste, weh the axception outlined under 10
CFR Section 61.50{aN7}

11.in general, areas with highly vuinerable
hydregeclogy desarve spec:al attenton i the siing
process. Hydrogeology 15 considered vulnarable when
ground-water travel tme along any 100-foot flow
paih from the edge of the engineersd containment
structure 18 less than approximately 100 years
{Critana lor identifying Areas of Vuinerable
Hydrogeology Under RCRA-Statutary Interprative
Guidance, July 13888, Interim Final (FP8-36-
224953)). Disposai sies lccated n areas of
vuinarable hydrogeoicgy may require axtensive.!site-
specific investigations which could lead toland
provide bases for restnchons or modilicatons to

Aoncimm me anaratan Arasticne hinwavds a hasan that
SeSgN OF Sparaling praticas. MOWEVET, a g fak

a site 15 locateg in an area of vuinerable hydrogectogy
alone. based on the EPA cntena. is not considered
sufficient to protibst siing under RCRA,




Addendum i Jeint NRC-EPA
Guidance on a Conceptual Design
Approach for Commercial Mixed Low-
Level Radiocactive and Hazardous Waste
Disposal Facilities

-

introduction

The Low-Levei Radioactive Waste Policy
Amendmants Act of 1885 (LLAWPAA) requwes thai
the three operating low-level radizactive waste
{LLW) disposal taciities remain avaiiadie through
1992. By that tme, all states and CoMPac! regons
are required to assume compiete responsiDity for
LLW disposal. Both existing and new disposal
faclites may recewa commerciai mued low-level
radicactive and hazardous waste (Mixed LLW), which
is reguiated by the U.S. Nuctear Reguiatory
Commission (NRC} under the Atormic Energy Act
(AEA), and by the U.S. Enwwonmental Protection
Agency (EPA) under the Rescurce Consarvation and
Recovery Act (RCRA) Mixed LLW 15 dehned as
wagte that satsheg tha dehmition of LLW n tha
LLRWPAA and contans hazardous waste that enher
(1) s listed as a hazardous waste in Subpart O of 40
CFR Part 251 or (2) causas the LLW to exhibit any ot
the hazardous wasia character.stcs dentfied in
Subpant C of 40 CFR Part 261. To assist »n 3pplying
tus getinition, NRC and EPA ssusd joint guidancs
anttlad "Guidance on the Defimtion and ldenthication
of Commerciai Mixed Low-Levei Radwcactive Waste
and Answers to Anticipated Questons™ on January 8,
14987,

This jointly developed NRC-EPA gudance document
presants a conceptual design approach that meets
the requiatory requirements of both agencies for he
safe disposal of Mixed LLW. COther designs. or
vanaton of the proposes gesign concrol may also be
acceptaoie under me requirements of hoth agencies
and wil be rewviewed On 3 case-Dy-case Dasis as
recaived.

EPA requiatons m 40 CFR Part 264, Standards tor
Owners and Operators of Hazardous Waste
Treaiment. Storage. and Disposal Faciihes, wdently
the design ang operating requrements for owners
and operators that dispose of hazargous waste n
landflls [264.300 to 264.217]. These requiatons
invgive requirements tor the instataton of two or
more liners and a leachate coilection and removai
sysiom (LCRS; above and betwasn the lhners !9
promote human heaith Jand the anvironment.
Exceptions to tha double hner and leachate coilaction
system requirernents ara ailowed. i alternative design
and operatng practices. togethar with locanon
charactensics, are demonstrated t¢ £PA Hegonal
Adrmirwstrator 10 be equaily eifective 1n prevening the
rigration of any hazarcous conshtuent inta the
ground water or surface watar.
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NRC requlations in 10 CFR Part 61, Licansing
Requirements for Land Disposal Radioactive Waste,
ndicate that long-term stabdity of the waste and the
disposal ste raquire meumizaton of access of water
10 the waste [61.7{b)(2)] and that the disposal site

must be designed to minumize, 1o the extant
practicable. the contact of wamer with waste during
storage. the contact of standing water with waste
dunng disposai. and the contact of percolating
standing water with wastes atter disposal
[61.51¢a)61]. The prnmary obective of the above
NRAC reguiations 1s ‘o preciude the possibiity of the
development of a “bath-tub* seffect in which the
wasie could become wnmersed i liqud fe.g.. from
nititranon of surtace water runoff) within 3 Qisposal
umt below grade with a low-permeabiity botiom
surtace.

The guidance on a conceptual design approach that
is offared n the subsequent paragraphs 1S ntanded to
present basic design concepts that are acceptable n
addressing the requiations of both the NRC and EPA
with raspect 10 raguwrements for hners, leachaie
coliection systems and efforts (o mrsmize the contact
at ligud weth the waste. It should be recogmzed that
the guidance 1s bang provided at the conceptual level
and that the design ard detals that are
complemaniary o specific site condiions need to be

snginserad by potental waste lacmiy qwnars and

operators. The applcaton of the gindance i this
gocument wiil not affect the requiremants for
ncanseas of waste disposal facidies to comply with sl
apphcable NRC and EPA regulations.

Conceptusi Design

Sketches and a bnel discussion of the design
considerations for an above grade disposal umt are
provided. This design concept has been geveloged
gomaniy 1o demonstrate the integranon ot EPA's
requiatory requremnents for two or more kners ang a
leachate coilection sysivm above and belween liners
ang the reguiatens of the NRC that require the
contact ol water with the waste be rmmmizag. In
adchtion. the design concept lulblis the need under
toth agencies’ regulations lo assure lgng-term
statity and mirwmize active mantenancs alter Silg
closure,

In this approach. the Mixed LLW wouid be pizied

above the onginal ground surface m a tumulus that
wouid ha hlanded nta the diepasal ate lopagrinny.
Schematc detals of some of the pancipal dasign
features of an above grade Mixed LLW dispasal umt
are prowded i the sketches accompanying ttus
qudance document. Figure Al depicts the thras
dimensional overail wew of 3 concapt Mixed LLW
disposai unii, Figure A2 providas deigis of the
penmeter barm, hners. and leachate collachion
system; Figure AJ presants a cross-sechenal wew




ot the covered portion of the disposal umit: and Fiqure
A4 doscnbes tha final cover system.

In the overall wew of the Mixed LLW disposal faciity,
the double hners leachate coflection and removal
systerm are installed Defore the gmpiacement of ihe
Mixed LLW: and the cover system is added at

closure. The leak detsction tank and leachate
Figure A1, Mined ta disposai facility.
R Figure 2
N
-
- \—
Befm//; &
.1: -:_-‘"-_“ _...._..‘.;

collection tank are encircled by a berm thai controis
surface water runoft from precipdation that woid fall
directly on tha waste faciity site The dranage [i0es
in the ypper pnmary cellection system would collect
any leacnata that could possibly duvelop abuve the
iop flexiDie menbians kner and delow the emplaced
wasie. Any leachate coflected would dran through
pipes to .nx pnmary ieachate collection tank whera
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the leachate would he tested and o
Any leachate collected by the lower leachats
collection and removal systern wouid drain 1o the leak
detaction tank. The developmant of sigmificant
amounts of lgachate from the solidified waste after
closure is not anncipated. This is because the closura
requirements provide (nai tha cover musi be
designed and constructed 1) o provide long-term
minimization of water infiltration into the closed
dispasal faciiity, 2} to function with minimum
mantanance, 3) to promate drainage and mmimize
arosion, and 4) o have a permeability less than cr
eguat to the permeabiity of any bortom liner system.
It is anticipated that the area shown on Figure A3
between the slope of the final cover and tha run-on
contrgl berm, whare the tanks are loccated, would be
regraded and he tanks removed at the end of tha
nost-cliosure cara period (normally 30 years) when
isachate deveiopmant and collection is no longer a
problem.

[ g ad  if rany
treated. if uaq'u'h"d

Figure A2 provides the general datails required by
EPA reguiations far the double finer and leachate
collection and removal system. The perimeter berm
for leachata runoff control would assure that ail
leachate is ceoilectad Gelow the wastea and safely
contamed and transported through the drainage layers
and pipes 1o the tanks located outside the final cover
siope. NRC's requlaton requiring munimizing contact
of the wasie wih water are fuiliied by requinng e
waste to be placed above the levet of the highest
water table fluctuation and above the drainage layers
whera leachate would coilect. The bottorn etevation of

the solidified Mixed LLW would be reguired in ail

Cross-sectionsi view A-A
{vertical scaie sxaggeruted).

Area Regraded Following
i Pest-Closure Care Period

Figum A 3.

instances o ba at alevations above the top of the
perimeter barm.

In Figures A3 and Ad, the design concepts for the
final cover over the solidified waste zcne ang the
perimeter berm are prasented. The actual zone for

e et md e biodibimd  Adine i
glacemient o1 3U60HE0 Mixsd LLW may gonsgist of

diffarent options, depending on the licenses's
selection. Options that would Se acceptadie include
use of stable high integrity wasta containers (HICs)
that have the spacss hetween containers filled with a
cohesioniess. low compressibie fill materiai or
piacement of the waste in an engineered struciure,
such as a reinforced concrete vauit. A cover system
aver the waste that would be acceptable to the EPA
and NRC is shown in Figure Ad4. The cover system
would consist of (1} an outer rock ar vegetative layer
10 menimize erosion and provide for long-term
stability, {2) 2 filter ana drainage layer that transmis
infiltrating water off of the undertying low permeabiity
layers, (3) an imperwous flexibte membrang linar
overlying a compacted jow permeatiiity clay layer,
and {4) a filter and drainage layer beneath the
compacted clay laver. if the sclidfied waste zone
does nat consist of an engingered vault structure with
a top roof, an additional compacted clay layer should
be placed immediately above the emplaced waste 10
direct any water infutration away from the wasta zocne.
Aixed LLW that comtains Class C waste as

_______ o ua *
designaed by MNBC's regulations would need o

provide suthcient thickness of cover matenais or an
angineered intruder bamer to ensura the required
protection against inadvertent intrusion.
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Variations on the above described dasign approach
may include placement of the Mixed LLW in an
engmeered reinforced concrete vault, a steel fiber
poiymer-impregnated concrete vault, or double-
lined nigh integnty containers that ars hermeticaily
sgaled. If proposad by licanse applicants, thasa
vanations would be reviewed by both the EPA and
NRC on a case-by-case hasis to evaluate thesr
accaptability and conformance with astablished
federal requiations.

For questions related to NRC requiations and design

Ot 'nmnnte nnn'gﬁf
T Ornati.

Dr. Sher Bahadur, Project Manager

Division of Low-Level Waste Management and
Decommissioning

Mail Stcp 623-35

U.3. Nuciear Reguiaiory Commission

Wasnington, DC 20555

B ﬁ\v# TANE s

'-- Ground Surface

83

f W j\///\u/// AN
Penmeter Barm for
Laachete Control
\ Separaticn to Assure
Leschate Flow into LCRS

Faciity specific guastions. permitting requiramants,
vanances and other related concerns should be
addressad to either the EFA regional office or state
agency authorized 0 administer the mixed waste
program as appropriate. For general questons related
to EPA reguiations and design requirements, contact:

Mr. Kenneth Skzhn, Senior Engineer
Waste Management Division

Mai Stop WH-S65E

U.3. Environmaental Protection Agency
401 M Street, SW

Wachington, DC 20480




Appendix 8
Characteristics of Man-Made Radiologicaily Contaminated Sites

Introduction

The type of remediation that may bae reasonably
appied 0 sites contaminated with radioactive wastas
depends to a great sxtent upon the phys:cai.
chemical, and mineraiogicai characterisics ai e
matrix (e.g.. so) matenal. Cthar important factors are
the site location (e.g., proximity (0 a population
center), the volume !o be remediated. the radicactve
elements, the lavel of radioactivity, ang the presence
of cther hazardous subsiancas.

This appendix briefly describes the sites on the
Superfund NPL that contain radicactive matensts. In
addition, information is presented on the DCE's
Formarly Ullized Sites Remedial Action Project
(FUSRAP), its Uranium Mill Tailings Reredial Action
Project (UMTRAP), Grand Junction Remedial Action
Project (GJRAP) and Surplus Facilities Management
Program (SFMP). The sitas and remediation
experiencas in DOE's projects are very simiar to
those of the Superfund program. In fact a few of the
DOE sies are on the NPL. Site information prasented

in this Appendix is accurate as of December 1987,

Radloiogicaily Contaminated Superfund
Sites

The information presented herg has Loan compilad
from the various written status reports and
investigaten repors cbtaned pnncipally from the EPA
Regional personnel who have the responsitity for
the dascribed sites. The descrptiens are limited to
the 20 sites currently listed on or proposed for the
NPL that are known to contain man-made
radioactive waste materials. These sites are listed n
Tabie B1, which ig followed by the site dascrptions.

A distinction axists betwean marn-made radicachve
wastes and naturally occurring and acceierator
produced radicactive material (NARM), which has
been technolagicailly concaentrated or otherwise
altered in such a way that the potential for human
axposure has been Increased. The uranium and
tharium sares are hailmarks of naturally occurring
radisactive materials, Tha maijority of tha listad
Supertund sites with radionuclice contamination are
gresumed o be contaminated by elarnents n thess

as

saries. The listad sites may not be the only
Suparfund sites that are radioiogicaily contaminated.
in fact, it may be expected that, as other Superfund
sites ara rmare fuilv characterizea. the list will expand.
On the other hand, therz are a few Superfund sites

o dmiiam ol id s o
COmiaining aauaﬁact:‘v.., of natural Sﬁg'" in maasurahla

amounts {rom the bedrock in the wicinity.

Two of the 20 sites descnbed are landfilis containing
solid waste, hazardous waste, and radioactive wasie.
Tan of the sites are primarily talings from ore
processing. Four sites inciude radiciegicaily
contarninated buiiding materials. At lsast five of the
sites have been used as scurces of fill materai on
propertias in their vicimties.

Contaminated site areas total more than 3.500 acres
and individuaily range from about one acre to 6.530
acres. The individual sites range from less than 50
cubic yards to more than 16 million cubic yards. The
largest volume sites (those containing more than one
million cutic yards) are uramum il talings sites.
Thera ara five sites in New Jersey, four in illinois, four
in Colorade, and twe in New Mexico. The remaining
sitas are located in Massachusetts, Pennsylvania,
Kantucky, Missoun, and Utah

Radioactive Wasie Superi
Description

Ul

i.

Name and Location:

Shpack/ALl {adjacent landfills), Narton/Attisboro,
Massachusetis

EPA Contact Region It
Robert Shatten, FTS 835-3679

Status:
NPL Final, Rank §72

Final site responsa assassment report, 11/21/85,
orapared by NUS Corp. for performance of
ramedial activities. Montaring program includad
water sampies from 10 obsarvation weils and sei



Table &1, Aacticactive Waste Supertund Sites

SlateEPA
Site Name CityiCaounty Regxin
1. Shpacw/ALl (Adjacent Lanabis) MOMVA DeDOM MAI
2. Maywoog Chermcal CoJSears Property Maywood/Bergen Ca, NJH
3. U.S. Raowm Corp. Crange, Essex Co. Nl
4, W, R Grace & Co. (Wayne Plant) WaynaPassac Co. NJAL
5 Montciar, West Orange.and Glen Rge Radium Sites Essax Co. NJ/
8. Lodi Mumcipal Well Lodi, Bergen Ca, N
7. Lanaocwne Property Lansdownes PAAI
3. Maxsy Flams Nuciear Disposal Site Flammg City/Hiisbaro KY/WN
9. West Chicago Sewage Troamnent Plant west Chcago ¥y
10. Resd-Kepoler Park Wasi Chicago v
11.  Kesr-McGee Oft-Site Propertes West Chcaga iwv
12, Kerr-McGae Kress Crosk/Wast Branch of Dupage Rrver West Chicago v
13.  The Homastake Minng Ca. Urarum Mit Cibcta Co. NMVI
14,  Undaeg Nuciear Com. Church Rock NMA
15, Weldon Sonmg CQuarry SL Chanes City MOVH
18, Montceko Radiwactvity-Contammnated Propertas Montceilo San Juan, Ca.  UTAVU
17, Ownver Radium Supsrtund Sites Oanver convu
18, Lincoin Park Canon Caty covi
19.  U.S. DOE Rocky Flata Plant Goiden covil
20. Uravan Uranum Prowct Montrose CityfUravan convmi

samplas analyzed for priority pollutants and gross Approximats Area and Volume:

1o b Y H .
alphs, bsta, and gamma radicactvity.

Shpack about 8 acres: ALl about 23 acres: 100 trns.
No Remadial Invastigation/Feasibility Study
(RYF3) availabie yet. Environmental impact:

Aadiation Oata: 10,000 residents relying on weil water within 1-

"""""""""" i radius. 270 residents five within 3-mi radius,
Ra-228, U-238, U-235, U-234 above natural About 35 pnvate wells within 3 mile radius of the
background levels but uneven distribution in site serve approximately 130 peopie. ORNL 1982
surface and subsurface soil. K-40, Th-228, survey revealed no migration of radionuclides into
Th-230 present, Rn-222, 240 pCil in ground ground water; no hydraulic gradient (vertical or
water. Some measured values in sol: Ha-226, harizontal) in underlying aquifers. An-222 at 328
1571 pCiig: U-238, 16,460 pCug; U-235, 200 pCii in ground water in 1380 siudy by phvaie
gCilg; U-234, 4,200 pCilg. consultant considered suspect. Airbarne

radionuclide contamination no apparent threat to

Matrix Characteristics: public. Based on exisung data as of 11/85, no

indication of immaediate public heaith thraat.
Wetland or swamp area: sand, gravel, sit, and
clay, orgamic deposits. Nonradioactive Source of information:
contaminants: 1.2-dichioroethylene, trichloro-

athylens, tetrachigroethylane, chromium, Final Site Response Assessment Report DS83-
cadmium, nickel. 1-5-22, Ravisicn 2; prepared by NUS Corp.,
11/21/85.
Crsivemmr

tnknown, possibly manufacture of Juminescant
dials and former operatiocn of nuclear submanne
contractor.

86




2. Radloactive Waste Superfund Site -
Description

Name and Location:

Mavwacd Chamical Co./Sears Proparty,
Maywoed, Rochsile Park, New Jarsay

EPA Contact Region Ii:
Pasguale Envangelista, FTS 264-2640

Status:
NPL Final, Rank 157,

Site was identified under FUSRAP, and DOE was
designated to perform ramediai achon reiated (g
radicactive rosidues. Hesidential properties in
Maywood, Rocheila Park, and parts of Lodi, NJ
were remadiated. Scil from old disposal areas
was removed. Temporary Storage faciily called
the Maywood Interim Storage 3ite (MISS)
devetopad. DOE conducting continuous
monitonng at MISS and detalled characterizations
of properties related to the Maywood site.

Radijation Data:

Elevated gamma radiation; gross alpha in water,
18.4 pCiA. Surface scii Th-232. 70 pCig: Ra-
226, 10 pCig; U-238. 77 pCig. Subsurface soi
Th-232, 180 pCiig; Ra-228, 37 pCig; U-238,
<232 pCi/g. Stream sediment Th-232, 93 pCig;
Pa-228, ¢ pCig; U-238 <57 pCig. PBn-202,

0.9-300 pCid in ground water.

Matrix Characteristics:

Tailings, soil. clay-like tailings: used as fiil
materiagi in severai residenbai and commerciai
propartias. stream sadiment; water; air.
Nonradioactive contarminants i sod and talings:
arsenic, chromium, nickel, lead, cadmium,
beryliium, pesticides, mathyl chioride. xylena,
toiuena, ethyl benzens, acatona, MEK.

Source:
Maywood Chemical Works; extraction of thonum.

Approximaie Ares and Voiure:
42 acres (entire location), arsa of contamination
not known, 270,000 cu yd.

Environmerntal impact:

36.000 residents within 4-mi radius. Radon gas
found by NRC at levels higher than background in

87

one residence. Elevated gamma radiation ieveis
on adjacant properties.

Source of Imormation:

"Characterization Report for Sears Property,
Maywood, New Jersey," DOE/QR/20722-140,
Qak Ridge National Laboratory, May 1987.
"Engineering Evaluation of Disposal Alternatives
for Radioactive Waste ‘rom Remedial Actions in
and argund Maywood, New Jersey.,”
DOE/OR/20722-78, Oak Ridge National
Laboratory, March 1986.

EPA NPL Site Status Sheet

3. Radloactive Waste Superfund Site ~

Description

Mame and [ ocation:

U.S. Radium Corp., Orange, Essex Co. New
Jersay

EPA Cortact Region II:

Douglas Johnson, FTS 284-1870

Status:

NPL Firal, Rank 423,

Lir+ited site characterization dona at U.S. Radium
ana satallite properties by EPA and NJDEP, Final
work plan for RUFS prepared in July 1987. Fieid
investigation to begin in Fall 1987,

Radiation Data:

New Jersey Department of Environmental
Protection (NJDEP) has found radon and decay
products in air in elevated concentranons and
gamma radiation tevels around pJoperty
significantiy above background ieveis. U-238,
U-234, Th-230 and Ra-226 prasent in soil
and concrete and Rn-222 in ar.

Surfaca Soil:

Ra-226 3.2-870 pCig
U -238 minor

Subsuriuce Soil (2-4.5 H):

Ra-226  2090-3290 pCig
U-238 90-12000 pCig



Matrix Characteristics:
Buiding matenals, grounds, soil. surface, and
ground water.

Sourca:

Former radium ore processing plant, lab and
manufacturing facility, and radium cottage

ingustry.

Approximate Arsa and Volume:

One acre: astimatad 10,000 cu yd of tailing waste
on-site,

Environmental Impact:

32.000 residents within 1/2-mi radius. NJDEP
has found radon and decay products in air in
axcessive concentrations; gamma radiation levals
around property greater than normal. Satellite
properiies where radiuim diai painting and lab

work done may aiso be contaminated.

Source of Information:

EPA NPL Site status shest. EPA Offics of
Radiation Programs. “Finai Work Fian for
Remedial Investigation and Feasibity Study. U.S.
Radium Carporation-site. City of Crange, Essex
County, New Jersey,” Camp Dresser & McKee
inc., for USEPA Apnl 1987.

4. Radicactive Waste Superfund Site -
Description

Name and Location:
W. R Grace 2 Ca. (Wayne Plant), Wayne. New
Jersay

EPA Contact Region II:
Caroie Peterson, FTS 264-§190

Status:
NPL Final, Rank 214

Site was partially remediated in 1986 by DOE.
Private residences aiong Sheffieid Brook, where
thorium talings were carried by surface runci
cleaned in 1986. Excavations continued in
July/August 1937. Compietion of axcavation is
contingent upon locating a final disposal facility.
Temporary storage of thorium talings wil be at
Wayne Interim Storage Site (WISS) awaiting a
permanent disposal site in NJ. Most of the off-
sitg maten.al has been remaoved.

a8

Radiation Data:

Totat U, 2.7 pCug; Th-232, 3.78 pCug; Ra-226,
5.1 pCilg; Ra-228, 6.9 pCilg; gamma radiation
and Rn-222 in 1985 were lass than in 1984

findings. due o remediai activiies ai ine sie.

Matrix Characteristics:

Sand and gravel; tailings from processing
monazita ores: tailings buried on-site; surtace
and ground water: air.

Source:
Thorium ore (monazite} extraction plant on-site.

Approximate Area and Volumae:
6.5 acres; 120,000 cu vd.

Environmental Impact:

51,000 residents within 3-mi racius. Extensive
soil contamination. The potential for further
contamination by runoff has been abated
somewhat by work done to date at site.

Source of information:

“Wayne Interim Storage Site Annual Site
Environmental Report Calendar Year 1985.°
DOE/QR20722-103, Cak Ridge Operations
Ctfica. August 1986.

5. Radloactive Waste Superfund Site -

Description

Name and Location:

MontctairWest Crange Radium Site andg Glen
Ridge Radium Site, Essax County, New Jarsay

EPA Comtact Region il
Robert Mckmght, FTS 2641870

Status:
NPL Final, Rank 173

EFPA reldased a draft Remsdial Investigation and
Feasibility Study (RUFS) report 9/85. New Jersay
Cegartment of Environmental Protection (NJOEP)
began remediation of nine residential properties
by excavating contaminated soil 6/8S. EPA AVFS
report considered remedial cleanup and disposal
aiternatives. Due to the extent of radium
contamination, EPA has been conducting
additional fieid studias. As of 3/87, EPA has been
unable to soive the soil disposal problem and is




developing a suppiemental RI/FS to focus on
continuing proteclive action witle final remedy i
deveicped.

Radiation Data:

Rn.222 gas in homes, 0.5-440 pCift before
remadiation; radium in soil above background in
40% of propernes; Ra-228., U-234 present.
Gamma radiation levels as miy,h as 1300 pR/hr.

Subsurface concentraton:
Ra 1 - 5388 pCig {maximum)
Th 1 - 4620 pCiig{maximum)
U 1 - 248 pClg(maximum)

Matrix Characteristics:

Asht and cinders in discrate pocksts; aiso
soparently mixed with soil (silt, sand, and gravei)
or used alone as fill.

Source:
Aleged to be former radium-processing faciiity
nearby.

127 acres; 350.000 cu yd total in three separate
araas; over 750 properties involved.

Environmental Impact:

Approximately 758G properties in three areas.
78.00C residents within 3-mi radius. EPA,
Centars for Diseasa Cantrol (CDC). Agency lor
Toxc Substances and Disease Registry (ATSOR)
have datermined the long-tenm impact on heaith
of residents.

Source of Information:

Superfund Program Fact Sheet 5/88; update
11/88 ang J/87.

*Radon Contarmtaation in Montglair and Glen
Ridge New Jorsey !nvestigation and Emargancy
Response,” by J.V. Czapor and K. Gigliello, and
J. Eng.

“Faasibility study for MontciairWast Orange, Clen
Rige. New Jersey Radium Sites”, Draft Final
Report, USEPA, 1985.

8g

8. Radicactlve Waste Superfund Site -
Description

Name and Location:

Lodi Municipal Weit. Lodi, Sergen County MNew
Jersey

EPA Contact Region /I
Richard Wice, FT3 284-1870

Status:

WAL

NPL. proposed.
Well closed 12/83.

RUFS Work Plan being prepared. Fieid activitias
scheduied to begin Fall 1987. RVFS will determine
whather the source of contaminanon may ba
attributed to either a man-made contarminant or
a naturaily cccurring source.

Radiation Data;

One well out of nine contaminated with gross
alpha radiation from U-238 decay.

Matrix Characteristics:

I s 1a
Ground watsrn VOCs

walls.

presant in most of ning

Source:
Possibly nearby thonum-pracessing tacility, or

may be natural source.
Apgproximate Area and Volume:
Qne wall radiologically contaminated: 2.35 sg mi.

Environmental Impact;

One wall closed due to radiological contamination.
Cther aight ara shut down due to volatie organic
contamination. Lodi using alternate water supply.

Source of information:
EPA NPL status sheet.

7. Radloactive Waste Supertund Sita -
Description
Name and Location:

Lansdowne Property, 105-1Q7 E. Stratford Ave.,
Langdowna, Pennsylvania




EPA Comtact Region i
Vic Janosik, FTS 537-8996

Status:
NPL Final, Rank 703.

Basad on a radiciogical assassment aof the
proparty and a remedial action plan pragared Dy
Argonne National Laboratory in 1985, EPA has
decided o dismantle the duplex residenca and
dispose of contaminated materials at a licensed
burial site {Hanford, WA).

Radiation Data:

Elavated gamma radistion laveis. Soil, sewer
iinas, building matenals contaminated with Ra-
226, Th-230. Ac-227, and Pa-231. Rn at
0.021 - 0.309 wurking level (WL). Concentration

in soii: Ra-2286, 737 plilg; TH-23C, 30 pClg.

Matrix Characteristics:

Soil, concreta, other building materials, sewer line
waste.

Sourca:

Basement operation for radium purfication and
packaging by farmer accupant.

Approximate Area and Yolume:

52,000 sq # of land; 2,000 cu yd contaminated
soil, extending o 8 ft depth.

Environmental Impact:

Savere contamination of building and surrounding
grounds. One family in area. ATSOR issued
{3/85) heaith advisory waming that radiation leveis
in the structure were unzafe.

Source of Information:

Radiclogical Assassment Report and Remedial
Action Plans tor the Lansdowne Froperty,
prepared by Argonne National Laboratory.

8. Radioactive Waste Superfund Site -
Description

Name and Location:

Maxey Flats Nuciear Disposal Site, Fleming City,
Hillatsore, Kentucky

EPA Contact Region V.
Harold Taylor, FTS 257-2234

Status:

NPL Final, Rank 612 RUFS werk plan comoleted
8/30/86 with focus on risk assessment and
avaiuation of aiternative remediaton, based on
containment of waste. Consent order antared into
/87 by EPA and site steefing commitiée {0
pertorm RUFS per work plan.

Radiation Data:

Transuranic nuclides in the envircnment; alevated
concentrations of trtium, cobalt and strontium.
Site contains 2.4 milion Ci of radicactivity
including 430 kg of special nuclear matenal and
B4 kg af plutonium. Gamma radiation 10-32
WA/Mr; 30.000 pCilcu m acuvity leval.

Matrix Characteristics:

L ow-level radioactive waste burial facility;
leachate, sail, air; fiora, fauna. Nonradioactive
contaminants: benzeng, naphthalene, d-n-
axyiphthalate, 1,4-dioxans, dichlorgdiflucre-
meathana, 1,1-dichiorgethene, pentanol, ethyl-
enediaminatetracatic acid, 2-methyipropionic
acid,2-mathyibutanoic acid, 3-methylbutanoc
acid, valeric acid, iscbutyric acid. 2-methyi-
butyric acid, 3-methylbutyric acid, pentanoic
acid, 2-methyipaentanoic acid, 3-methyi-
pentanoic acid, Cg-branched acids, phenol,
hexancic acid, 2-methylhexanoic acid, crasol
(isomers), 2-ethyihexanoic acid, Cg-branched
acid, benzoic acid, actanoi¢ acid, phenylacetic
acid. phenyiprapionic acid, phenythexanoic acid,
loiuic acid, p-dioxane, methyl isobutyl ketone,
toluene, xylene (isomers), cycichexanol, dibutyl
katone, fenchona, triathyl phosphate,
naphthalene, inbutyl phosphate, a-terpinecl.

Sourcs:
Disposal site for various low-level radioactive
waste sources.

Approximste Area and Volume:

280 acres (total site), 25 acres (contaminated),
178,000 cu yd.

Environmerisl impact:
One hundred reskienis live within 1-mi radius.
Leachate escaping through bedrock iractures into
undertying sandstone and trenches. Lsachate
from a number of irenches contans soluble
piutonium. Evidence of migration of triium from




tranch water to wells has been established but
not in high encugh leveis to pose a public health
hazard. Local residents ar@ on public water
supply systam, howaver.

Source of information:

RYFS Work Plan (6/86).
3. Radicactlve Waste Supertund Site -
Description

Name and Location:

West Chicago Sewage Troatrnen: Plant, \West
Chicago. llinois

EPA Contact Region V:
Neil Meidgin. FTS 888-4726

Status:

NPL propased. The Remedial Invastigation Report
has besen compieted. Samples were analyzed for
metals, radon, thoron and theorium. Values wera
presanted for As, Ba, Cd, Cr, Fe, Pb, Hg, and Se.

Radiation Data:

The nominai concentration of Th-232 in the soil
was 4300 pCig; Th-232. .03 pCil; Th-230.
0.4 pCik: znd Ra-226, 0.03 pCil were measured
in the ground water; gamma radianon. 2000-
3000 pRsr.

Matrix Charactaristics:
Sail; till; gravel: ground water; monazite are.

Approximate Area and Yolume:

25 acres (inciudes plant site and Reed-Kaeppler
Park and not just contaminated area); 40,000 cu
yd.

Snurea:

The Rare Earths Facility, an ore processing
facility that had been used 10 process norum and
rara earth ore@s contairing radicactive thorium,
uranium, and radium.

Environmental Impact:

There are several routes of potential risks to the
environment and public heaith, including direct
external radiation exposure; inhalation exposure;
and ingestion of contaminated soiis, ground
watar, and surface water. The contaminated
media at the site are wastas from the Rara Earths

1

Facility. The primary radionuclide presant is
thorum-232.

Source of Information:
Remedial investigation Report, Kerr-McGea

Radiation-sitas, West Chicago, Illinois,
September, 1386 CH2M Hill.

1Q. Radloactive Waste Superfund Site =
Description

Name and Location:
Reed-Kappler Park, West Chicage. Ilincis

EPA Cantact Regian V:
Neil Meidgin, FTS 386-4726

Status:

NPL proposed. The Ramedial Investigation Report
has been compistad. Sampies were analyzed for
23 metals, Th-232, U-238. Aa-228, and Ra-
226 in the soil; and gross aipha, Th-232, and
Ha-228 in the ground water. Radiation Data The
concentrations of radicactivity in the ground water
samples wera: Th-232, 23 pCil and Ra-228,
7.6 pCil. in the soil sampie, Th-232 up to
11,000 pClig. Gamma exposurg leveis up to
16.000 uR/hs.

Matrix Characteristics:
Till, graved, ground water, and air.

Approximate Area and Volume:
it is estmated that 20,000 cu yd of thorium-

o b s sl snbonaisad Cm feamenbisad ooikieam bhea e ad.
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11,000 sq yd area,

Source:

The Rars Earths Facility, an ore processing
factity that had been used to process thorium and
rara earth oras containing radicactive thorium,
uranium, and radium.

Environmemtal impact:

Thera are several routes of potential risks to the
envianmant and putlic heaith including direct
external radiation exposure: inhalattion exposure:;
and ingestion of contaminated soiis, ground
water, and surfaca water. The contaminated
media at the site are wastas from tha Rare Earths
Facility. The primary radionuciide present is
thorium-232.




Saurce of Information:

Aemadial Investigation Report, Kerr-McGee
Aadiation-sites, Weast Chicago. llinais,
Secta.nber. 1986 CH2M Hill.

11. Aadloactive Waste Superfund Site -

Description
Name and Location:

Karr-McGee Off-Site Properties,
Chicago, Mincis

West

EPA Contact Regiorn ¥:
Neii Meidgin, FTS 886-4726

Status:

NPL proposed. The Remadial Investigaton Report
has been compieted. Mitigation procegures were
carried out at 116 locations.

Danliatinn Data:

Contamination in excess of 2000-3000 upRMr
was noted prior to the mitigative measures. Th-
232 up to 1€.000 pCiig in soil was measured.

Matrix Charactenstics:

Till, graved, fill, tailings.

Approximate Area and Volumae:

The arasa consists of 117 residental lots of
various sizes. Approximately 61,000 cu yd.

Source:
The Rare Earths Facility, an gre-processing

facility that had been used to process thonum and
rare sarth oras containing radioactive thorium,
uranium, and ragium.

Environmental Impact:
PRy paetpey Y [

There are saveral rouies OF pailential Nsks 10 he
environment and pubiic heaith including diract
axternal raviation exposure; inhalation exposure;
and ingestion of ccntaminated soils. ground
water, and surface water. The contaminated
media at the site consists of wastes from the
Rare Earths Facility. The primary radionuciide
prasent is thorum-232.

Source of Information:

Remadial Investigation Report, Karr-McGee
Radiation-sites, Wast Chicago, llinais, Septem-
ber, 1986 CH2M Hiil.

12. Radicactive Waste Superfund Site -
Description

Name and Location:

Kress Creak and the West Branch of the DuPage
River, West Chicago. llinois

EPA Contact Region V:
Mail Maldain, FTS 886.4726

Slatus:

The Nuclear Regquiatory Commission (NRC)
issued an order !o Kerr-McGee to prepare a
cleanup plan for Kress Creek ang affected
portions of the Wast Branch of the DuPage River.
The NRC's Atomic Satety Licansing Soard upheld
Kerr-McGea's chailenge, The NRC staft has
appealed this decision. Should the appeal fa,
EPA rnust consider using Superfund to remedy
the creek and nver contaminatan.

Radiation Data:

About 1.5 mi of creek and river are contarmnated
in the streams and atong the banks. Peak total
thorium concentrations are 555 pCiig at a depth
of 80 cm (2 #). Thorium has been identified as
deep as 170 ¢cm (5 fti). Peak gamma levels are
250 ufvhr along the bank.

Matrix Charactoristics:
Sedimant, soil. tadings.

Approximate Ares and Volume:
Undetermined byt substantial. Affected area is
about 1.5 mies of creek and nver bed and the
adjacent banks.

Sourcs:
The Rare Carins Faciity, & Of@ pPIGLBESSING
facility that had been used 0 process thonum and
rare earth cres contaiming radicactive thorium,
uranium, and radium,

Environmental Impact:

There are saveral routas for potential risks to the
envirgnment and public heaith, including direct
external radiaton exposure; nhalaton exgosure;




and ingestion of contaminated soils, ground
watar, and surface water. Tha contaminated
media at the site consists of wastas from the
Rare Earths Facility. The primary radionuclide
present is Th-232.

Source of information:

Comprehensive Radiological Survey of Krass
Creek, West Chicago Area, llinois, February
1984, Qak Ridge Asscciated Universites.

13. Radioactive Waste Superiund Site -
Description

Name and Location:

Tha Homastake Mining Co. Uranium Mill, Cibala
County, New exico. apout 5.5 miies narin of
Milan.

Status:

NPL Final, Rank 528. Homestaka and EPA signed
an Administratuve Qrder in June 1987 for
imglamantation of a workplan for a radon RUFS
davseicped by New Mexico's contracter, Geomet,
A 15 month Rt testing program will be started by
Homestaka in Movember 1987. Naturally
occurnng dispersed talings, groung water
contamination. and tasiings piles may be

concidarad as to how thav ast ae snurces.
CoOnSGar W now Ny ad

Radiation Data:

Rn-222 in the ar, 0.03 WL: radium :n the miil
talings, 60-100 pCig, uramum in the water, 720
ppb. Cne year moriionng study of indoor and
outdoor radon concantrations. Qutdoor radon
concentrations ranged from 0.05 pCifl
{backgroung) to 2.5 pCid.

Sail, tallings. ground water, and air.

Approximate Area and Yoiume:
245 acres at 6.600 foot elevation; 16,500,000 cu

yd.
Scurce:
Potential sources ara:

Homestake Mining Company uranium mill tailings,
Anaconda mill taiings, Ambrosia Lake mining

£l

area, and areas of naar-surface urarmmum
mingralizaton.

Environmental Impact:

About two hundred peopie depend upon the
shallow acuifer as a water sugply. An aiternate
water supply is in place, and aquifer restoration
by Homaestake has heen somewhat successful.
Radon levels indocrs ang cutdoors in several
subdivisions near tha mill may be above
background. :

Source of Information:

Gaeomet Report Number IE-1739. March 20,
1987. "WORK PLAN FOR HOMESTAKE MINING
COMPANY STUDY AREA NEAR MILAN, NEW
MEXICQO." AWFS for £.1.0., R.P.B., State of New
Mexico.

14. Radloactive Waste Superfund Site -
Description

Name and Location:

Uniteard Mumlanr Carm  Chuyeeh ﬂnab Maw Mawirs

LR AR | WAAMSRATM st Wiy T LRAT A AL L el

The site i 15 miles northeast of Gallup, New
Mexico.

EPA Contact Region VI

Status:

NPL Final, Rank 651 Ramedial Investigation
begqun January, 13985. Unitad Nuclear 13
deveicping a reclamation plan. The RAWFS 1s
scheduled for comptetion Spring, 1988

Radiation Data:

Meaasurements of ground water showed leve.s as
hgh as 12.6 pCA for Ra-226 and Ra-228 and
8.15 pC for uranium. Th was measured at
40.000 oCit and Ra at 45 pCil. Data are shown
for As, Cr. Se, Cd, Pb, N, and SOq.

Radicactive Tailings
Contaminants  Pie {pCi/g) Pond (pCil}
U-238 29 3.9 x 10~ pCit
Th-230 280 9.3 x 104 pCiA
Ra-228 230 1.3 x 102 pCiA
Fn.222 no data no data




Matrix Characteristics:

Tailings. groungd watar. MNonradiocactive
contamenants:
Paond (ma)
arsenic 1.22
barnum 0.29
cadrmiym 0.11
lead 1.6
marcury 0.5 x 18-3
motybdenum 2.30
selenum 0.53
vanadium 45.94
zing 7.22

Approximate Area and Volume:

The mill tadings pond covers 170 acres and is
15-20 ft thick: 4,700.000 cu yd.

Source:

The source of the radiation is a uranium mill site,
targaly frem the tailings ponds.

Environmemtal Impact:

Savaral peanta uga the challow altuvial agquiters in
the area. A break in the taiings dam in 1973 sent
33 milion gallons of taiings fuid into the Rio
FPuerco. The upper Gallup aquifer is contarminated
in the vicinity of the tailings pond. The alluwiai
aquifer is also contaminated.

Source of Information:

Site Status Summary, May, 1987 and Technicai
Memorancum, Phase | Field Study, RUFS, United
Nuclaar, Church Rock, N.  Mexico, October 4,
i85, CH2M Hiil.
15. Radloactive Waste Superfund Site -
Description

MName and Location:

Waidon Spnng Quarry, St. Charles City, Missouri
EPA Comact Regicn Vii:

Katie Biggs. FTS 757-2823
Status:

NPL Firal. Under an agreement with EPA (4/87),
DOE wiill clean up quarry and all nearby
contaminated propertiegs and devslop an

Environmaental Impact Statement incorporating atl
the requirements of a RUFS.

Radiation Data:

Aczording to resuits of manitoring by DOE and
the U.S. Geological Survey (USGS). radicactive
matenais have baen released to surface water
ground watar, and ar. Thorium, uranium, and
radium rasidues have baen placad n quarry.

Matrix Characteristics:

Crums, procass aquipment, building rubble,
debrs, ratfinate sludges and soils which range
from gravelly to clav-ike and organically rich.
Scils and sludges ars vanably contaminated with
TNT, DNT, and other organcs.

Sourcs:

Uranium and thoriurn or2 procassing. Praviously
US Army QOrdnance works.

Approximate Area and Yolume:

220 acre complex; quarry is 9 acres; 780,000 cu
yd radicactive matenal; 51,000 cu yd radioactive
residues were deposited in Quarry aiong with
ather wastes.

Environmemal imnaet:

Potential contamination af ailluvial aquifer 0.5 mi
from quarry, serving 58,000 people. Uranium and
radium have been detected in off-site monitoring
welis, with radium concentrations exceeding

Aememle o rasmbme obonenmioends
UMNRiny Waitd gianiuaiyda,

Sourca of Information;

Status report from ERA Region Vil

Badlaantivea WAacta Qi
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Description

1 c "
[R5 [ =t

Name and Location:

Monticello Radioactivity-Contaminatad Prop-
erties, Monticelfo, Utah (San Juan County)

EPA Contact Region Vill:
Lam Nguyen, FTS 564-1519
Status:

NPL Final, Rank 502. DOE has assumed
rasponsibility for most of the remedial action. EPA
is nagotiating Memorandum of Agraement (MOA)
with DOE to hetter defina raspective rolas in
clean-up activiies. DOE has authonzed clean-
up of 15 properties and 13 studying sevaral more




fer nclusion in program. EPA conducted a

ptanneg romova!l action of lwo of ths most

contammnated  structures i Monticello durning
1983-1984.

Radiation Data:

LYY

Widely dispersed radivacive @ings: U-2 -
234, -226, Th-230. Rn-222, Ra-2286.

Exposure Ratas:
Ra-225 1-23.000 pCifg
U-238 1-24.000 pCug
U 18.000 pCug

Matrix Characteristics:

Taiiings from vanadium and uyranum cre
processing: rudicactve aiings wwjeiw dispersed
throughout town as fill matenal and as aggregate
for mortar and concrete. Vanadwm 1.-16.532
pem.

Source:

Uranium and Vanadium ore procassing in
Monticelio plant from 1842 to 1960. Scma tadings
may have beean brought in from ancther mdl in

Ory Valley,

Approximate Area and Voiume:
152 potentialiy contaminated properhes; 182,000
cu yd.

Enviranmamtal Imnact:

TX S wAmT A sn PRTE e

1500 residents within 1/2-mi radius. 152
potantially contaminated propertias. Widely
dispersed contamination, apparently mostly in
near-surface sois.

Source of Information:

4/87 Fact Sheet. EPA Office of Radiation
Programs

. Radioactive Waste Superfund Site -
Description

ay
17

Name and Location:

Cenver Radium Supertund Sites. Denver,
Colorado

EPA Contact Region Vill:
Marityn Null, FTS 564-1698

95

Status:

NPL Final, Rank 269. Feasibidity Sludies have
been completed for ten fund-lead operabte unis
and for four ‘und-lead operable unit RCD's ara
pending. Remedial Design 1s underway at four
aperabia units. Naqgattanons with Potantally
Respunsible Parties are underway at the
entorcement-iead opearabie unit,

Radiation Data:

U-234. -238, Th-230. Ra-225. Rn-222
present. Maximum gamma radiation
concentrations at properties included n the site
ranged from 57 uR/tr ta 2.547 pR/Mr, maxmym
radium concantrations rariged from 79 pCug to
50493 nf"dn and mawimum radon dacav aracdeny

————— TR LTy ety

laveis of 0.30 WL (grab) have bean measured on
the site.

Matrix Characteristics:

Asphait, sod. pond bottom sediment, buiiding
debns and contents, ground water. and airborne
particiiates,

Source:

Formar Denver National Radium Institute and
other procassors voived in radium processmg
through Wortd War | and early 1920s. generating
large quantites of radicactive residues.

Approximate Ares and Volume:

Approximata volume 106,000 cu yd. covering a
total of about 40 acres in 44 locations within a
4.mi radius of downtown Denver,

Envircnmantal Impact:

Potential nsk to human heaith, including direct
axposurae, inhalation of radon, ingastion of
radionuciidas and contaminated media.

Source of Information:

Final Feasibility Study, Denver Ftadium Site,
Movnsabisn | leus W 28T e B onaidmiid .

LSTOUNG Wl A oewd, TiDaN FEasigingy G(UU\[ &
Responsivenass, Denver Radiun Site, Operabie
Units IV, Vois. | & I, 986, Ramedial Alternative
Salection and Community Relations
Responsiveness Summary, Operable Unit VI,

/86, Remedial investigation Report April 1986,




18. Radioactive Waste Superfund Site -

Description

Name and Location:

Lincoin Park, Canon City, Colorado

EPA Comact Region Vill:

Gene Tavior, FTS 564-1519

Status:

NPL Final, Rank 621. RUFS submitted to EPA by
the State for reviaw /85, Memorandum of
Agreamant hatwean Stata and EPA 4/86. the
State of Colorado has lead responsibiiity for
negotiations developrment and implementaticn of a
remedy.

Raaiation Data:

Groundwater quality studies per 1987 USGS
report inciuded Ra-226 between 0.05 and 1.6
pCit, and U-234 and -238 between (.4 and
5,700 po.

Matrix Characteristics:

Contaminated ground water cenved from unlined
tailings ponds. Nonradicactive contaminants:
molybdenum and selenium.

Source:

Uranium mill {Cotter Corporation).

Approximate Area and Yolume:

900 acres: 1,900,000 tons.

Environmental Impact:

386 residents within 3-mi radius. Contarminated
ground watsr w1 the vicindy and down gradisnt,
No permitted drinking water wells in the area.
Company's momitonng data indicate a plume of
contaminants. including molyodenum. uramum,
and sslenum extending from mill and affecting
pnvate wells that were serving 200 paople.

Source of Information:

4/87 Fact Sheet. "Ground-water Flow and
Quality Near Canon City, Coloradc.” US
Geologicat Survey, WRI Report 87-4014, 1987,
EPA Office of Radiation Programs,
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19. Radioactive Wasta Superfund Site -
Description

Name and Location:
U.S. DOE Rocky Flats Plant, Goidan, Colorado
EPA Contact Region VIli:
Jarnes Littlejohn, FTS 564-1519
Status:
NPL proposed. Compliance agreement entored
into by DOE, EPA, and Colorado Dept. of Heaith
7/86. defining respective roles and
responsibilines. DOE 1s rasponsible for remedial
actions. RUFS work plans completed 2/87; resuits
duea 7/87. DOE has done some remedial work

such asg capping and remowving plutonums-
contaminated soul.

Radiation Data:

Plutonium and tritium reieases.
Matrix Characteristics:

Soil and sadiment: wastewater impoundments.
Sourca:

)
Production of nuclear weapons tnggers: plutonium
recovery. amencium rasearch. '

Approximate Area and Yoiume:

6,550 acras total area; 31 sites: over 1,000 waste
streams.

Environmental Impact:

Plutonium and tntium  have contaminated soils
and sediments in surface water. Ground water

hag been contaminated with nitrate.

Approximatgly 80.000 pecple live within 3 mi of
the faciity.

Source of Information:

. - N VT VI

487 Fact Sheei; 7/ NFL T

20. Radioactive Waste Superfund Site -
Description

e N -
Gl INgYL,

Name and lLocation:

Uravan Uranium Praject. Montrosa City, Uravan,
Colarado




EPA Contact Region Vilt:
Hoily Fliniau, FTS 584-1519
Status:

Qrara

MBI Finat Rank 275, Stata
negotiating remedy with responsibie paries. EPA
and State have entered into MQOA 4/486,
degignating State 10 pursue effective remedy. The
State of Colorado has negotiated an agreement
with Responsible Parties, and the agreement has
been approved by U.S. Disinet Court. EPA
submutted comments 1o State on remedial acuon
plan 12/88.

of Colorade

Radiation Data:

Radionuciides and Rn-222, U-234, U-238:
Th-230; Ra-225.

Th 16,000 185.000 pCi!
U 1,500 - 16,000 pCil
Aa € 678 pCiA

Mairix Characteristics:

Ground water and air, raffinate, talings, surface
watar. Sslenum, nickel, ammonia, suifates.

Uranium and vanadium recovery plant; miiling
operations; little activity at present; owned and
operatea by Union Cartida Carporation.

Approximate Area and VYolume:

$00 acres: 2.000,000 tons removed/10,000,000
tons stabilized,

Environmenmtal Impact:

Town in remote area. 125 rasidents within 3-mi
radius. All residents moved Decamber 1986; no
permanent rasidents. Ground water and ai
contaminated with process waste, including
uranium. Discharge and disposal of large volume
of process wastes releasing radiation,

Source of nformadon:

4/87 Fact Sheet

Department of Energy Remediation
Programs

The DQE has four major site remediation projects

involving radicactive matenals. They are the Uranium
Mill Tadings Remedial Action Project (UMTRAPR), the

Formeriy Utiized Sites Remaedial Actian Project
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(FUSRAP), the Grand Junction Remedial Action
Prgject {GJRAP). and the Surplus

Manageament Program (SFMP),

Emomil brm
CFaninniigy

Formerty Utilized Sites Remedial Action Project
(FUSRAR)

The U.5. Army Corps of Engineers, Manhattan
Engineer District (MED) and its successor, the U.S.
Atomic Energy Commission (AEC) conducted
programs during the 1340s and 1950s invoiving
raesearch. deveiopment, processing, and storage of
radigactive ores and their processing residues.
Virtually all of this work was parforred for the Federal
government Dy pnvaté contractors at sites that were
either federally, privately, or institutionailly owned.
Many of these sites and nearby properties were
contaminated with radionuclides at low concentrations
and maostly of naturat angmn,

When the contracts for MED/AEC activites wars
lerminated, the sites werg decontammnaled zscecording
to then-current heaith and safety criteria and
reteased for unrestricted use. However. as research
on the effecis of low-level radianon progressed,
radiclogical cnterna and guideiines for returning sites
to unrestricted use became more stnngent. In 1974,
the Ac{ inihated a program to identify formaer
MED/AEC sites and to determine their radiclogical
status based on a review of histoncal records. In
1977 e AEC changed 1o tha US DOOE which
subsequantly inmated FUSRAP [1,3]. Figura 81
shows tha locations of tha FUSRAP sites (2).

The maost seriously contaminated sies, located in
New Jarsey and New York, were invoived in storng,
sampiing, and processing very rich pitchbiende ores.
As ot Juna 1987, a total of 29 sites in 12 states were
designated for remedial action [J. Wagnor, DOE,
Personai Communication, July 2, 1987]. Preliminary
astimates are that 29 autnorized sites may contam a
total veluma of 1.1 million cu vd of low-lavel
contarmnated dirt, sediment, and rubble. Cf these,
remadianon has been compieted to the satisfaction of
the DOE at seven sitas [A. Waillo, DOE. Personal
Communication, July 2, 1387]. The disposition ot
these saven sites as per DOE is as follows:

» Radictogically contaminated materials from
Kellax Research (Jersey City, NJ), Bayo
Canyon, and Acid Pueblo Canyon (Los
Alamas, N.M.) were excavated and removad
to an authorized disposal facality.

- Radioiogically contaminated matena! fraom
Middlesax Landfill (Middiesax., NJ) was
excavated and siored at an interim storage
site (above grade with a leachats coilectian
systam).



Figure B,

1

FUSRAAP sites as of 1982, [Reprinted from {2].)

od
1 Albary Metsturgies) Ressarch
Canter. Albany, OR
2  Universty of Californis, Berkeiey, CA
(Compietnd) 7 University of Chicago. Chicago. IL 13 W. R Graca & Company, Curtis Bay.
3 Acid/Pustio Canyon, Los Alamos, {Completed) MD
NM (Campieted) 8 National Guard Armory, Ch:cago i, 14 Midclasex Landfill, Middiesex. NJ
4 Chupaders Maess. Whits Sands 9 Genarai Motors, Adnan, M Middiesax Samphng PMant,
Missiia 10  Nisgara Fails Storaga Site. {Vicinity Middiesax, N.i
Range. NM (Completu} Prog.), Lawaston, NY 1§ Du Pont & Company. Despwatar, NJ
5  Hazeiwood (Laty Avenuel, MO 11 Ashisnd Qil Co. #1, Tonswanda, NY 1§ Mavwood, NJ
5t. Lows Airport Storage Site, Seaway industrial Park, Tondwanags, i Waynes Peguannack, NJ
[Viesnity Prog.), St. Lous, MO NY 19 Coilonte, NY
St. Lotus Awport Storage Site, Linde Air Products, Tonawends, MY 20 Sevmour Speciality Wire, Seymaour,
St. Lowis, MO Ashiand Qil Co. #2, Tonawanda, NY cT
§ Mailinckrodt, Ing., 5t. Louis, MO 12 Umiwarsai Cyctops, Allguipoa, PA 2%  Shpack Landhil, Norton, MA

- Radiatogicaily contaminated laboratory
buiidings at the Univarsity of California
(Berkatgy, CA) and the University of Chicago
(Chicago, ) were surface cleaned (washed
scraped, chipped).

- Investigation showed that the seventh site,
Chupadera Mesa (White Sands, NM),
required no cleanup.

The remaining twenty-two sitas are undergomg
remediation or are awarting remediation. Thres of the
twanty-two are alsc Superfund sitas:

1. Shpack Landfill, Norton/Attteboro, MA,
2. Maywood Chemical Company, Maywood, NJ.
3. W. R. Gracs & Company, Wayne, NJ.

Remadiation at vicinity propsrties consisted of land
disposal or byrial in a land encapsulation approved for
radioactive wasta. in some cases site buildings wers
decormtaminated and retumed to usa, and in other
casas they ware demalished and the rubble stored or

buried.

22 Ventron, Beverly, MA

Removal and containment of contaminated matenals
has been the strategy used thus far at FUSRAP sites.
None of the other techniques gescnbed in this report
has been attenpted in full-scale remediation.

Uranium Mill Tailings Remedial Action Project
(UMTRAP)

The use of uranium for weapons research and
production resuitad in the generation of huge
quantities of uranium mill talings, the waste material
femaining after uraniuim is axiracted from the uranium
ore. The Atomic Energy Act of 1954 authonzed the
AEC to license the receipt or transier of cras that
contained 0.05% or morg of uranium and/or thorum.
However, the AEC exemptad any unrefined and
unprocassed cre and processed uranium mill taitings,
which wera assumad 10 contain less than the required
percentage of uranium and thorium. Due to this
exemption, the uranium industry was not required to
isolate or even 10 retain control of uranum tailings.

Although most of the uranium has been removed
from the taiings. the radium remains and is a sourcs,
through radicactive decay, of radon gas. Also,




radionuclides and ather trace stements present in the
talings can be leached irom the pila and contaminate
the ground water [2].

In 1978, Congress passed Public Law 25-604. the
Uranium Mill Tailings Radiauon Control Act of 1978,
based on the finding that uranium mill tadings (ocated
at mmuii sites posed a potantal heaith hazard to the
pubtic. Title | of the Act instructad the CQE to
perform remedial actions at tha designated sites.
which contained a total of approximately 25 mitlion cu
vd of tailings. The program to cammy out thesa actions
15 the Uranum Mil Talings Remedial Action Projact
{(UMTRAP).

Ths remediation also includes cleanup of thosae
contaminated properties outside the designated
soundariss of ths procassing cites that becama
contarminated through the use of talings for fill and/or
construction. Apprommately 8000 of these “vicinity”
properties have been identilied for surveying 10
confirm the presence of taiings and contarminatcn
levels requinng remedial action [2.4].

UG i e G Ty

Of the 24 UMTRAP sites, one is in Pennsylvania
{Canonsburg} and 23 in the western United States
{Figure B2). The sites range i size fram 10 acras 10
over 500 acres and include taiings pites, evaporation
ponds. windbiown contaminated areas. and former
mil buildings and associated structuras. Depths of
tailings pres range from a few fest to over 275 feet In
Durango. Colorado. Many of the sites have exposed
tailinns. Some sites are coversd with a foot or so of
soil or sparsa vegetation.

Some of the UMTRAP sites, such as Grand Junction
and Fite, Colorado, are adjacent to rivar systams.
Many, such as Canonsburg, PA: Gunnison, CO; and
Shiprock, NM, are near small rivers or creeks. and
many sites have shallow water tables [51. .

Remedial action began at the first site in 1983, and
cleanup of ail sites is scheduled for complauan in
1993 [6]. For talings pies, remediaton consists
principally of stabdization through the use of liners
and covers to prevent migration and limit radon
emanation. This approach i consistent with EPA
requlanon 40 CFR 192. For vicinity properties,
remediation consists principally of excavauon ang
disposal of contaminated material to taiings piles,
cleaning of buidings, and, whera necessary,
destruction of buildings and removal of the rubbie.

Grand Junction Remedial Action Project

Batween the years 1952 and 1866, several hundred
thousand tens of talings were removed from the
Climax Uramum Company's mill tadings pile in Grand
Junction, Colorado and used locaily as fil nd
construcuon matenial. In 1968, when the Colorado
Department of Heaith and the U.S. Public Heaith

Service discovered this

stoppaed, and investigations wer@ bagun (0 datermine
the potential radiclogical heaith effects of tailings usa
in residential and commerciat or civic construction. in
1972, the U.S. Surgeon General issued guidelines for
determining the need for corrective action at hose
jocations where increased levels of radiation were
measured as a result of the presence of taiings. The
U.S. Congress passad PL 892-314 in 1972,
authorizing Federal appropnations to assist the Siate
of Coiorado in conducting a remedial action project at
Grand Junction. The objective was to periorm
corraciive achon at sites where ragiation exposures
exceeded the Surgeon General’s guidelings., The
project is a Stata-operated activity, with DOE
providing 75 percent of the funding and the State, 25
percant [7].

fact, tha practica wa

In ordar to obtain the banefits of the project, a
proparty owner had first to apply 0 the Calorado
Department of Health for a determination of aligibility.
The criteria for efigibiiity (the Surgecn General's
guideiines) ware Dased on annual average exposures
i¢ sxtarnal gamma radiation, or inhaiation of arborna
radon daughter products rasulting diractly trom
uramum mili taiings used in the constructon of a
buiiding. Qf thesa two modes of exposure, the
inhalation of airboms radon caughters is by far the
mora important in terms of numbers of locations
exceeding he criteria and
population exposure {8].

gy 4 ‘
tarms of potential

The cleanup project began in 1973. The assessment
projact had identified 740 structures that would
raquira some form of remedial acton to meet the
Surgeon General's guidsiines. Schoois and the more
nighly contaminated dwellings were given first prionty,
The projact was o have been completed by the end
of fiscal year 1987,

Whenever possible, the contaminated sites have been
cleaned up by excavanon and removal of tailings.
Remediation has heen confined to the area of the
structura and out to a distanca of ten leet surrounding
it. In many cases, the structure has been shored up
and material actually excavated from beneath it. The
original tailings site was used o store the taiiings
from the claanups. That site, in tum, will be cleaned
up under UMTRAP [T. Braziey, DQE, Personai
Communication, July 23, 1987],

Where removal of the taiiings is not pousible, the

siruciures have Deen remadiated By 2pplying sealante

or increasing ventiation and filtration to reduce radon
gas in the structures 10 3ccaptable levels (7).

Starting in about 1975, the (olorado Department of
Heaith, DOE, and the USEPA conducted a survey of
approximately 40,000 properties. The survey identified
about 6.000 vicinity proparties 3s “core sites,” which
wars contaminatad to some degree. Some of the




Figure B2, Locations of UMTRAP sitas. {Reprinted from [2].)
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1 Lakeview, GH (Medium Priority} \{

2 Lowman, D {Low Priarity}

3 Sait Lake City, UT (High Priority) 11 Ambrosis Laks, NM {Medium

4 Grand River, UT (Low Prichty) Priority) 18 Spook. 'WY (Low Pricrry)

5 Grend Junction, CO (High Priority) 12 Shiprock. NM {Righ Prrority) 19 Bowman, ND ({Low Priority)

4  Nsturis, COQ {Mediurm Phanity) 13 Duramgo, CO (High Pronty) 20 Beifieid, NO ({Low Prianty)

7 Siickrock, CO {Low Prionty) (2 sites) 14  Gunruson, CO (High Prionity) 21 Edgemont, S0 (High Prionty}

A  Mex:can Hat, UT {Madium Priority) 15 Ritte, CO {High Priarity} (2 sitws) {Vicimiry Proparties Oniy)

9 Monument, AZ (Low Prionty) 18 Mayball, CO {Low Prionty} 22 Fails City, TX (Medium Prionty)

10 Tuba City, AZ {Medium Prionty) 17 Riverton, WY (High Priority) 23 Canonsburg, PA (High Puonty)

propartiae remediated under the Grand Junction axchanges on d%gmmmemmﬂg achvitiag with othar

Fiamodlal Action project are includad in UMTRAP,
a.g., where remediation s necassary bayond ten feet
from the structure. The list has been narrowed to
about 3,300 properties requiring remegiation. About
2000 have been recommended by ORNL tor

[y Mmoa (184 TIACY almma. ..
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project has been initiated.
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A second part of the UMTRAP effort is remadiation
(which may include relocation) of tha original tadings
pile from which all of the probiem taiiings originated.
The achual fate of the tailings pie has not yet been
decided.

Surpius Faciiities Management Program (SFM9)

The overail objective of the SFMP 8 to provide the
program direction, planning, and resourcas for the
DOE sumplus facilities to (1) maintain surplus facilites
in 3 safe condition pending dacommissioring, (2)
maximize the options for fulure use of real propeny,
and (J) dispose of all radicactve taciives and waste
in accordanca with acceoted practicas. Other
objectives inciude (1) provndmg rgsaarch and
development funding for preperty and equipment
decommuissioning techniques and {echnoiogy transfer,
and (2) conducting coocparative infarmation

100

countnes and intermaticnal organizatons.

The current inventery of surplus faciities in the
program was establisned by raview of facilites in
1977 and by subsequent adclition of some facilities
from defunct programs. Thirty-five projecis ai 17
sites are included in tha civilian portion of the SFMP.
Tha sitas ware prioritized based on (1) the
assossment of potential for oxposure to the public
and workers at the site, {2) contractual commitments,
(3) reducing the cast ¢t continuing survedlance and
mamntenance, and (4) making tha property available
for altemative or unrestricted use.

Decommigsioning has been conducted at the Special
Power Excursion Reactar Test Area in ldaho, at
Argonne National Laboratory-East in lllincis, vicirity
properties at Monticello. Utah, and buildings at the
Santa Susana Field Laboratory, in California.
Entombment projects have been compieted at the
Bonus Facility in Puerto Rico. the Hallam Faciiity in
Nebraska, and the Piqua Faciity in Ohio. Major
activities continua at the ldaho Nationai Enginearnng
Laboratory in idaho. the Mound Laooratory in Chio,
Santa Susana in Califormia, Montcailo in Utah, ang
ANL-East in lilincis {9]. The Shippingpoart Station
Decommussioning Project will placs the siaton n a



jong-term radigiogicaily sale condgition by dismantiing
and remowving the radicactiva portions of the plant.
One of the purposes of the Project is t9 demonstrate
to the nuclear industry the practcal and affordabile
dismantiement of a large nuclear power piant. Actual
physical decommissioning activites wers initated in
September 1985.

Cther naar lerm activities ncluda initiating work at the
Weldon Spring Site. This site was first used by the
Department of the Army as an ordnance works and,
tater, by a DCE gredacasscr agency as a uranium
feed matenals plant. The site is contaminated with
thorium, uranium, and decay products. MNear-term
activittes include further characterizing the
contamination on the sita, initiattng conceptual
anginesnng studies, establishing a project office at
tha Waidnn annﬂ site, and! rnmn]nfmn tha NEPRA

-l -

documenanon.

Both the Weidon Spring and Monticalio sites are aiso
Superfund sites. The Surplus Facilities Managemant
Program is scheduled for compietion in tha sarly

AT o
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Summary of Remediation Methods Used
to Date

Most of the remedial technologies to date have
censisted of excavation and/or removal of
conta~unated materials from plant sites and from
property owned by others in the vicnty of those
proparties. in some cases. the contaminated material
has heen temporarily stored in above-ground,
covered piies. In othars, the material has been
parmanently piacad in secura land encapsuiations.

No extraction or sclidification technology has been
apphed to any of thase sies. Some laboratory
experimentation on radicnuclide extraction from
taings and snils have haan ennductad, as descnbad

in Chapters S. 6. and 7. T
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AEC U. S. Atomic Energy Commussion

ATSDR Agency for Toxic Substances and Disease Registry
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Ci Cune

cm Cenumatar {10°3 meter)

cuft Cubte foot

cum Cubic meter

cu yd Cubic yard

DOE Dapartment of Enargy

EPA/ISEPA U. 8. Environmantal Protection Agency

FS Faasibility Study

ft Foot or feet

FUSRAP Formarty Utiized Sites Remedial Action Program (Department of Energy)

g Gram

hr Hour

kg Kilogram {1000 grams)

kg/hr Kilograms par hour

o Kilowatt {1000 watts)

MED U. 8. Amy Corps of Engineers, Manhattan Enginaering District

pum Micron (micrometer, 10-8 maeter)

mm Millimetar (10-3 meter)

NJDEP New Jersay Oapartment of Environmental Protaction

NRC Nuclear Regulatary Commission

NPL National Pnorities List

ORANL CTak Ridge Nanonal Laboratory

ol Picocuris {10-12 Curis}

pCig Picocurias per gram

pCiA Picocunies per liter

A1 Remedial Investigation

RIFFS Remadial Invashoation/Feasibibity Study

SARA Superfund Amendmaents and Heauthonzation Act of 1986

sq ft Square foot

sqm Square meter

sq yd Square yard

UMTRAP Uranium Mill Tailings Remaedial Actron Project {Oepartment of Energy)

uf Microroentgen (108 roentgen)

USGS U. 8. Geological Survey

wL Working level
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Ta Convert From{A)

acra
cu ft
cu yd
*F

it

kW
mile
sq ft
tons
*C
Cunes
meter
kg
mgA

atmosphera (atm)

Conversions

Toi8}

hectare

cum

cum

*C

m
kg-calonas/min
metars

sgm

g

°F
disintegrations per rninute
yd

it

parts per mutlion

kilo Pascal (kPa)
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Multiply (A) By
0.4047

0.02832
0.7848
(°F-32)x%5/3
0.3048

1.434

16809

0.0929

1616

(*PCx%ws5) + 32

22 %1012




Hame
Actinium
Aluminum
Argsamc

Banum
Beryilium
Bismuth
Boren
Bromine

Cadmium
Calcium
Cartbon
Chiorine
Chromium

Fluoring

Healium
Hydrogen
lodine

Iron

Lead
Lthium
Magnesium
Mercury
Maolybdenum
Nickel
NiGtum
Nitrogen
Oxygen
Palladium
Phosphorus
Platinum
Plutonium
Polonum
Potassium

Radum
Radon
Selenium
Siiicon
Sodium
Strontium
Suifur
Thorium
T
Titanium
Tungsten
Uranium
Vanadium
Zing

-
-
B

Abbreviation

Ac
Al
As

Ba
Be
Bi
8
Br
Cd
Ca
C
c
Cr
Co
Cu

F

He
H

Fe

Pl
Li
Mg

[ ¥ TN
NI E

Hg
Mo
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Air Avd

Alpha particie

Alpha radiation

Background
radiation

Beneficiation

Beta particia

Beta radiation

Blinding

Dataction lavel

Dose Equivalent

Entry routes

Exfiltration

Extamai
ragiaton

~_ _ﬁa
radiation
Gnzzty screen
ground water

Half-life

Indoor air

To increase by additon of chermicals the affinity of fina particles for air bubtles.

A positively-charged subatormic particla amitted during decay of cartain radioactive
aslements. For example. an aipha particle s released when rzdon-222 dacays to
polonium-218. An alpha particle 1s indistinguishable from a heiium atom nucleus and
cansists of iwo protons and two nautrons.

The least penetranng type of radiatcn. Alpha radiation can be stopped Dy a sheet of paper
or outer daad layer of skin,

The radiocactvity in the environment. including cosmic rays from space and radiation
that exists elsewhare - in the ar. in the garth, and in man-mace matenais. 'n the U.S..
most peaple recaive 100 to 250 millirems of background radiahan per year.

A doomes md s
A lay W

plinding.

f A arvanr e al
TR SUITON, s O

Preparanon of ore for smeiting

A negatively-charged subatomic particls emitted during decay of certain radicactive
elements. A beta particia is idantcai to an esieciron.

Emitted from a nucleus during fission. Beta radiation can be stopped by an inch of wood or
a thin shpe: of aluminum.

Plugging of the screen aperturas with slightly aversized particles.

The minimum concentration of a substanca that 2an be measured with a 99% confidencs
that the analytical concegntration is greater than zero.

The product of the absorbed doss, the quality factor, and any cother modilying factors. The
dosa equivalent 1S a quantity for comparing the bioiogical effactiveness of differant kinds of
radiation on a common scale. The unit of dose equivalent is the rem. A millirem {mram) s
one one-thousandth of a resn.

Pathways by which soid gas can flow into a house. Openings through the flooring and walis
whare the house contacts the soil.

The movemnent of indoor air out of the housa.

Radiation oniginating from a source outsids the body, such as cosmic radiation. The source
of extarnal raciaticn can be either natural or man-made.

A igrm of electromagneic., hi A mitied from & nucieus. Gamma re
assentially ‘he same as x-rays and require heavy shieldings, such as concrete or steel. !0
be stonpea.

Screen mada of heavy fixed bars, used t0 remave oversized stones, tree stumps, efc.
Subsurface water that 15 in the pore spaces of soif and geciogic units.

The length of time in which any radioactive substance wiil lose one-nalf its radicactivity.
The haif-ifo may vary n length from a fraction of 3 second to thousands of years.

That air that cccupies the space within the interior of 2 house or other building.
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lon exchange

internai
radiation

Isotopes

Maesh
Micrcrem(pR)

Microrem per
hour (pR/Ar)

Millirem (mrem)

NARM

CRNL

Picocurie (pCl)

Picocurie par

liter {pCiA)

Plutonium

Radiation

Radioactvity

Radionuclide

Radon

Radon progery,
Fadon daughter

REM

Ravoiving Scraen

The reversible exchanga of 1ons contained in a crystal for differant ions in solution. without
destroying the crystal Structure or disturbing the electncal nautrality,

Radiation originating from a source within the tody ag a resuit of the innalation, ingestion. of
implantation of naturai or man-made radionuci:des in body tissues.

Different forms of the same chemical slemant that are distinguished by hawving different
numbers of neutrons in the nucleus. A single element may have many isotopes. For
example, the three 1sotopes of hydrogen are protium, deutenum, and tritium.

Number of wires per inch in a screen.
A unit of radiation "dase equivaient™ that is equal 'o one cne-millionth of a rem.

A unit of measure of the rate at which "dose equivalent” is beng incurred as a rasuit of
exposure to radiaton.

A unit of radiation “dose equivalent” that is equal to cna cne-thousandth of a rem.

Naturally-oceurning or accelerator-produced radicactive materials mean any radigactive
material except for matenal classified as source, by-products, or special nuciear matenal
under the Atormic Energy Act of 1854, as ainended.

Qak Ridge National Laboratory

A unit of measuremart ot radicactivity. A cung is the amount of any radionuctide that
undargoas exactly 3.7 x 1010 radicactive disintegrations per sacond. A picocune is one
trnillicnth (1012) of a curie, or 9.037 disintegrations per second.

A common unit of measurement of the concentration of radicactivity in a gas or liquid. A
picocurie per liter corresponds to 0.037 radioactive disintegrations per second in gvery litar.

A heavy, radicactive, mar-mada metaliic element. its mast impartant isotope is figsionable
238py, which s producad by the imadiation of 238U, Houtine analysis cannot distinguish
between tha 235Py and 240Py isotopes. hencs, tha tarm 239,240y,

Refars to the process of emitting enargy in the form of rays or particies that are thrown off
by disintegratng atoms. The rays or particlas emited may cansist of alpha, beta, or gamma
radianon,

A property possessed by some elements, such as uranium, whereby aipha, beta, or gamma
rays are spontaneously emitted.

Any naturzily occumng or artificially produced radicactive element or isotope.

A colariess, odoriess, naturally occurring, radioactive gaseous siement formed by
radicactive decay of radium atoms. Chemical symbol is Rn, atomic wewght 222, hait-lite
3.82 days.

A tarm used lo refar coflectively !0 the inlermediate products in the radon decay cham,

£acn “daughter” is an uiirafine radicactive pariicie thai gecays ni0 anoiNer FaCROECIVE
“daughter” until finally a stable nonradicactive molecule of lead is formed and no furth
ragioactvity 18 producaed.

;|

An acronym for Roentgen Eguivalent Man; a unit of radiation exposura that indicates the
potental impact on human celis,

A screen with A surface that revolves around an axis; the screen surfaca may be inclined or
vertcal,
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Rotary siiter
Scaiping

Shaking screens

Sieve bends

Soil gas

Tailings

Uranum

Vibrating scrasen

Working level
(WL}

________ Frppy

Circuiar motion appiied o ar
Removal of smail amounts of avarsized matanal from feed.

Several screen surfaces in a series, usually slightly inclined, with different apertures and a
siow linear motion essentially in place of the screen.

Screens with stationary paralled bars at a right angle to the feed flow: the surface may be
straight, with a steep incline, or curved to 300°,

Those gaseous elements and compounds that occur in the small spaces between particies
of the sarth or soil. Rock can contain gas aiso. Such gases can move through or leave the
soil or rock depending on changes n pressure. Radon s a gas that forms in the sau
wherever radicactive decay of radium ocours.

Sand-like wasta resulting from uranium production, represents about 38% of the cre that
enters the muil.

A naturally radicactive element with the atomic number of 92 {number of protons in nucleus)
and an atomic weight of approximately 238. The two principal naturally occurmng isotopes
are tha Yssionable U-235 (0.7% of natural uramum} and the fertle U.238 (89.3% ot
natural uraniym).

urtacs with a hg‘gh-cnﬁad vibrating mation

b <3

A urit of measure of the exposure rate to radon and raden progeny defined as the quantity
of short-livad progeny that will resuit in 1.3 x 105 MeV of potental aipha energy per liter of
air. Expasures are measured in working jevel months (WLM); e.g., an exposure to 1 WL fer
1 working month {173 hours) is 1 WLM. Thase units were deveioped ariginaily o measuis
cumulative work place exposure of undaerground uranium mirers to radon and continue to
be used tocay as a measurement of human exposure (o radon and radon progeny.
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